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Abstract  
The  purpose  of  this  report  is  to  analyze  the  Warren  J  Baker  Center  for  Science  and  Math  on  the  California  
Polytechnic  State  University,  San  Luis  Obispo  campus.  Baker  Science  is  primarily  used  for  classroom  and  
laboratory  instruc on  of  college  students,  with  study  spaces,  faculty  offices,  and  assembly  spaces.  There  
are  mechanical,  electrical,  and  storage  spaces  ancillary  to  the  main  building  func ons.  The  building  
comprises  six  floors  that  are  between  23,000  and  44,000    2 .  The  first  floor  contains  classrooms,  faculty  
offices,  mechanical/electrical  spaces,  and  an  auditorium  with  fixed  sea ng.  An  atrium  connects  floors  
two  through  five.  There  are  walkways  running  down  the  center  of  the  atrium  with  openings  on  both  
sides.  These  floors  all  contain  a  mix  of  classrooms,  laboratories,  faculty  offices,  study  spaces,  and  
suppor ng  mechanical,  electrical,  and  storage  rooms.   
The  prescrip ve  analysis  of  the  Baker  Science  building  determines  if  the  building  construc on  complies  
with  the  applicable  codes  and  standards.  These  codes  and  standards  cover  life  safety,  fire  suppression,  
fire  alarm  and  detec on,  and  structural  requirements.  The  life  safety  sec on  analyzes  the  ability  of  the  
building  to  safely  evacuate  occupants  in  a   mely  manner.  This  is  accomplished  with  code-specified  stair  
and  door  widths,  exit  loca ons,  and  exit  fire  ra ng  requirements.  The  building  is  protected  throughout  
with  an  automa c  wet  pipe  sprinkler  system,  fed  from  a  fire  pump  on  the  first  floor.  The  fire  pump  is  
supplied  from  a  city  water  loop  to  the  north  of  the  building.  All  sprinklers  in  the  building  are  quick  
response  K-5.6  sprinklers.  The  fire  suppression  system  ac vates  the  fire  alarm  system  in  the  event  of  a  
fire.  The  alarm  system  can  also  be  ac vated  with  smoke  alarms,  heat  alarms,  and  manual  pull  sta ons.  
The  genera on  of  any  part  of  the  fire  alarm  system  in  the  atrium  will  ac vate  the  passive  smoke  control  
system.  This  system  opens  roof  vents  that  allow  smoke  to  escape,  and  also  opens  doors  at  the  bo om  of  
the  atrium  to  provide  makeup  air.  Doors  to  the  wings  of  the  building  are  released  and  closed  to  reduce  
the  travel  of  smoke  to  the  east  and  west  wings.  The  structural  fire  protec on  codes  provide  occupancy  
separa on  requirements,  and  limit  building  height  and  area  based  on  construc on  type.  
The  performance  based  analysis  seeks  to  determine  how  well  the  building  systems  can  handle  a  real-life  
fire  scenario,  with  a  focus  on  building  occupants  being  able  to  safely  evacuate  the  building  in  the  event  
of  a  fire.  The  ability  to  safely  exit  the  building  is  based  upon  the  requirement  for  tenability  to  be  
maintained  in  the  egress  route  for  the  en re   me  it  takes  for  evacua on  to  be  completed.  The  
performance  analysis  in  this  report  centers  around  two  design  fires:  one  in  the  atrium,  and  one  in  the  
lobby  outside  the  assembly  space.  The  design  fires  represent  scenarios  that  would  challenge  the  fire  
protec on  capabili es  of  the  building,  while  s ll  having  a  probability  of  occurring.  Small  fires  or  fires  in  
unoccupied  spaces  were  not  analyzed  since  they  would  be  unlikely  to  test  the  limits  of  the  building’s  fire  
protec on  systems.  The  design  fire  in  the  atrium  exposed  occupants  to  smoke  and  combus on  products,  
and  ac vated  the  atrium  smoke  control  system.  The  smoke  ven ng  was  inadequate  to  remove  the  
smoke  created  by  this  design  fire,  resul ng  in  smoke  accumula on  that  limited  the  visibility  of  occupants  
egressing  on  the  sixth  floor.  The  available  safe  egress   me  is  3.23  min  a er  igni on,  based  on  the  
minimum  visibility  of  4  m  being  lost  on  the  sixth  floor,  while  that  floor  has  a  required  safe  egress   me  of  
3.96  min.  The  design  fire  in  the  lobby  outside  the  auditorium  also  exposed  occupants  to  smoke,  limi ng  
visibility.  The  available  safe  egress   me  in  the  lobby  is  2.00  min,  at  which  point  the  13  m  visibility  limit  is  
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no  longer  maintained.  The  required  safe  egress   me  is  8.64  min  from  the   me  of  igni on,  significantly  
longer  than  the   me  available  to  occupants.   
Prescrip ve  analysis  of  the  Baker  Science  building  determined  that  the  building  was  adequately  built  to  
the  relevant  life  safety  and  fire  codes.  The  performance  based  analysis  discovered  some  shortcomings  in  
the  building  design.  These  faults  were  primarily  centered  around  tenability   me  for  evacua ng  
occupants  in  the  building.  On  the  sixth  floor  in  the  atrium,  occupants  experienced  reduced  visibility  that  
could  impede  their  ability  to  safely  find  the  exits  and  safely  escape.  The  cause  of  the  reduced  visibility  
was  the  buildup  of  smoke  from  the  fire,  which  in  turn  was  caused  by  inadequate  smoke  removal  by  the  
smoke  control  system.  As  a  passive  system  without  fans,  the  smoke  can  only  be  removed  at  a  limited  
rate.  One  solu on  to  this  would  be  to  install  addi onal  passive  smoke  vents.  A  be er  solu on  would  be  
to  install  powered  smoke  vents  with  a  ra ng  capable  of  evacua ng  adequate  smoke  from  a  challenging  
design  fire.  Inadequate  visibility  was  also  the  conclusion  of  the  second  design  fire.  The  tall  ceiling  outside  
the  auditorium  filled  with  smoke,  limi ng  the  visibility  of  evacua ng  occupants.  Installing  smoke  control  
capability  in  the  lobby  could  remedy  this  deficiency.  An  easier  solu on  would  be  to  install  doors  in  the  
auditorium  that  do  not  egress  into  the  lobby.  This  would  allow  auditorium  occupants  to  avoid  the  smoke  
en rely,  while  reducing  the  conges on  in  the  lobby  for  people  evacua ng  from  other  parts  of  the  first  
floor.  The  Baker  Science  building  serves  as  an  example  of  properly  executed  code  implementa on,  with  








The  goal  of  this  report  is  to  perform  an  analysis  of  the  fire  protec on  systems  in  the  Baker  Science  
building  on  the  Cal  Poly  campus.  Various  aspects  of  building  construc on  and  design  will  be  evaluated  
for  prescrip ve  design,  including  life  safety,  fire  suppression,  fire  alarm,  and  structural  design.  The  
building  construc on  documents  will  be  compared  to  applicable  building  and  fire  protec on  codes  to  
determine  if  the  requirements  are  achieved.  Addi onally,  a  performance  based  analysis  will  be  
conducted  with  two  design  fires  to  determine  how  well  the  building  would  achieve  life  safety  goals  in  the  
event  of  real  fire  scenarios.  This  report  will  present  a  summary  of  relevant  code  sec ons  and  how  the  
building  complies  with  them,  performance  based  analysis  scenarios  and  conclusions,  and  
recommenda ons  based  on  these.   
Background  
The  Warren  J.  Baker  Center  for  Science  and  Mathema cs  (Building  180)  was  constructed  in  2013  to  serve  
the  expanding  needs  of  the  Cal  Poly  campus.  The  building  contains  classrooms,  lecture  halls,  science  
laboratories,  faculty  offices,  study  spaces,  and  mechanical/electrical  rooms.  The  new  building  was  
necessary  to  replace  Building  52,  also  known  as  the  “spider  building,”  which  was  built  in  the  1940’s.  
Building  52  was  not  large  enough  for  a  growing  campus,  and  lacked  modern  technology  commonly  used  
in  science  labs  today.  Figures  1  and  2  show  different  views  of  the  exterior  of  the  building.   
  




Figure  2.  South  side  of  Baker  Science.  
Layout  
Baker  Science  has  six  separate  floors,  although  no  part  of  the  building  is  more  than  five  stories  tall,  due  
to  being  built  on  a  hill.  The  first  floor  of  the  building  has  a  large  auditorium,  some  classrooms,  and  
faculty  offices.  There  are  also  mechanical/electrical  spaces  on  the  first  floor.  The  first  floor  has  one  main  
entrance  with  three  double  doors,  the  vast  majority  of  the  traffic  into  and  out  of  the  first  floor  is  through  
here.  Design  Fire  2  was  chosen  due  to  the  proximity  to  the  primary  exit  and  to  a  large  occupancy  
auditorium.  A  large  fire  near  a  familiar  exit  would  force  people  to  find  secondary  exits.  The  ceiling  above  
the  lobby  in  this  space  is  37     tall,  extending  to  the  third  floor.  The  height  of  the  ceiling  would  delay  the  
 me  to  sprinkler  ac va on,  allowing  the  fire  to  grow  larger  than  a  fire  in  a  smaller  space.   
Floors  two  through  six  are  connected  by  a  two-sided  atrium  that  is  split  by  a  walkway.  This  atrium  is  a  
major  fire  concern  for  this  building,  and  is  the  focus  of  Design  Fire  1.  There  are  two  major  exits  to  the  
second  floor  on  opposite  sides  of  the  atrium.  Halls  extend  east  and  west  from  the  main  lobby,  providing  
addi onal  ground-level  exits.  
The  third  floor  has  a  similar  footprint  as  the  second  floor,  but  has  a  walkway  separa ng  the  two  sides  of  
the  atrium,  and  no  ground  level  exits.  There  are  two  exit  stairs  in  the  atrium:  the  southern  one  is  
enclosed  by  walls,  and  the  northern  one  is  open  to  the  atrium.  Floors  three  through  six  all  have  stairs  on  
the  east  wing.  The  third  floor  has  two  stairs  on  the  west  wing  and  the  fourth  floor  has  one  stair  on  the  
west  wing.  There  is  no  west  wing  for  floors  five  and  six.  Floors  four  through  six  have  comparable  layouts  
to  the  third  floor,  except  each  subsequent  floor  does  not  extend  as  far  to  the  west  (above  the  first  floor).  
The  smaller  footprints  of  the  higher  floors  keep  any  part  of  the  building  from  being  greater  than  five  
stories  tall.  Floor  layouts  are  shown  in  Figures  3  through  9,  with  more  detail  of  occupancy  and  exits  




























Figure  9.  Roof.  
Prescrip ve  Analysis  
Codes  Used  
The  following  codes  were  used  for  the  construc on  of  this  building:  
● CBC,  California  Building  Code,  2007  
● NFPA  13,  Standard  for  Installa on  of  Sprinkler  Systems,  2007 
● NFPA  14,  Standpipe  and  Hose  Systems,  2004  
● NFPA  20,  Sta onary  Pumps  for  Fire  Protec on,  2003  
● NFPA  25,  Standard  for  the  Inspec on,  Tes ng,  and  Maintenance  of  Water-Based  Fire  Protec on  
Systems,  2002  
● NFPA  70,  Na onal  Electric  Code,  2005  
● NFPA  72,  Na onal  Fire  Alarm  and  Signaling  Code,  2007  
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Life  Safety  
Exit  Considera ons  
Each  space  and  floor  is  required  to  have  an  egress  capacity  greater  than  the  rated  occupancy.  To  
calculate  egress  capacity,  exit  door  and  stair  widths  need  to  be  known.  Occupancy  ra ng  is  based  on  
occupancy  load  factor  and  area  of  each  space.  For  an  en re  floor  of  a  building  the  occupancy  ra ng  for  
each  space  is  added  to  arrive  at  the  total  occupancy  for  the  floor.  The  exits  for  each  floor  in  the  building  
and  the  calculated  egress  capacity  are  listed  below.  CBC  1005.3.1  requires  an  egress  capacity  for  stairs  of  
0.2”  of  width  per  occupant  in  a  sprinklered  building  with  an  emergency  voice/alarm  system.  CBC  
1005.3.2  gives  an  egress  capacity  for  components  other  than  stairs  (such  as  doors)  of  0.15”  per  occupant  
in  a  sprinklered  building  with  an  emergency  voice/alarm  system.  Stairs  1,  2,  4,  and  5  have  a  tread  width  
of  3’  11”,  and  stair  3  has  a  width  of  3’  6”.  Stair  2  is  not  included  as  an  exit,  as  it  is  exposed  to  the  atrium  
and  does  not  comply  with  the  requirements  of  a  protected  means  of  egress.  All  doors  leading  to  and  
from  the  stairs  are  36”  wide,  with  a  clear  width  of  33.5”.  An  example  egress  calcula on  for  each  is  shown  
below  for  Stair  1:  
Stair:  35 peopleC = 47".2" person/ = 2  
Door:  23 peopleC = 33.5".15" person/ = 2  
For  stairs  1,  4,  and  5,  the  door  is  the  more  limi ng  factor,  with  223  people.  For  stair  3,  the  narrower  stair  
is  the  more  limi ng  means  of  egress,  with  a  capacity  of   210  people.  The  more  limi ng  value  is  always  
used  to  calculate  egress  capacity  where  there  are  two  or  more  implements  of  egress  in  a  row.  Formula  
7.3.3.1  will  be  used  for  doors  of  all  widths  for  the  building.  The  exit  data  calcula on  results  are  
summarized  below.   
1 st   floor   
Independent  exit  path,  not  connected  to  other  floors  except  elevators.   
Main  exit,  3x63”  
Stairway  exit  door,  34.5”  
95”  doors  by  mechanical  room  
Egress  capacity  for  the  floor:  1928  
2 nd   floor  
Atrium:  4x70”,  north  and  south  
Two  69”  exits  on  north  side  of  east  wing  
69”  exit  on  south  side  of  west  wing   
Two  33.5”  doors  to  stairways  in  west  wing  
34.5”  door  from  261   
Egress  capacity  for  the  floor:  2878  
3 rd   floor  
34.5”  door  to  47”  stair  on  east,  center,  and  two  to  the  west  
Egress  capacity  for  the  floor:  720  
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4 th   floor  
34.5”  door  to  47”  stair  on  east,  center,  and  west  
Egress  capacity  for  the  floor:  680  
5 th   floor  
34.5”  door  to  47”  stair  on  east  and  center  
Egress  capacity  for  the  floor:  453  
6 th   floor  
34.5”  door  to  47”  stair  on  east  and  center  
Egress  capacity  for  the  floor:  453  
Roof  
34.5”  door  to  47”  stair   
Egress  capacity  for  the  floor:  235  
Color-coded  map  
Submi ed  with  this  report  is  a  color-coded  map  of  the  various  spaces,  shown  in  Appendix  A.  A  campus  
PDF  map  was  obtained,  then  highlighted  to  show  the  use  assigned  to  each  space  in  the  building.  Exit  
doors  were  circled  in  red.  A  legend  for  the  color-coded  occupancy  uses  is  shown  in  Figure  10.  
  
Figure  10.  Map  color  legend.  
Occupancy  and  Exit  Capacity  
The  main  uses  of  the  building  are  classroom,  lab,  storage,  office,  and  assembly.  Table  1  summarizes  
occupancy,  floor  exit  capacity,  and  number  of  exits  for  each  floor  of  the  building.  No ce  that  the  exit  
capacity  of  each  floor  exceeds  the  rated  occupancy.  The  egress  data  for  each  individual  space  was  also  
calculated,  and  every  room  and  space  in  the  building  has  adequate  egress  capacity  for  its  occupancy.    
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Table  1.  Summary  of  area,  use,  occupancy,  exit  capacity,  and  number  of  exits.  
Arrangements  of  Exits  
Business  and  assembly  spaces  or  rooms  with  greater  than  49  occupants  must  have  more  than  one  exit,  
from  CBC  Table  1006.2.1.  CBC  Table  1006.3.1  requires  storeys  with  occupancy  up  to  500  to  have  two  
exits,  occupancy  between  501  and  1000  to  have  three  exits,  and  greater  than  1000  to  have  four  exits.  
Table  1  above  shows  the  required  and  actual  number  of  exits  for  each  floor  of  the  building.  Baker  
Science  was  designed  with  an  adequate  number  of  exits  for  all  spaces  and  floors.  Per  CBC  1007.1.1,  the  
minimum  separa on  distance  between  exits  (in  a  sprinklered  space)  shall  not  be  less  than  one  third  the  
maximum  diagonal  distance  of  the  space.  For  all  of  the  spaces  that  require  more  than  one  exit,  the  exits  
are  arranged  to  exceed  the  minimum  required  distance  of  one  third  the  building  diagonal  measurement.  
This  minimum  spacing  is  achieved  for  all  individual  rooms,  such  as  the  auditorium  on  the  first  floor,  all  
labs  and  classrooms,  and  the  en re  stories  as  a  whole.  A  summary  of  storey  diagonal  distance,  required  
exit  spacing,  and  actual  spacing  is  shown  in  Table  2.   
Table  2.  Exit  spacing  data.  
Dead  Ends  and  Travel  Distances  
Per  CBC  Table  1017.2,  the  total  travel  distance  limit  for  a  sprinklered  business  occupancy  is  300   .  This  
limit  is  not  reached  anywhere  in  the  building.  Table  1006.2.1  provides  limits  for  common  paths  of  travel.  
In  a  sprinklered  business  occupancy,  the  limit  is  100   .  This  limit  is  approached  (~96   )  on  the  fourth,  
fi h,  and  sixth  floors  near  the  office  areas,  but  is  not  exceeded.  The  maximum  dead  end  travel  distance  
in  sprinklered  business  occupancies  is  50   ,  from  CBC  1020.4.  This  limit  is  exceeded  by  3’  on  the  east  
side  of  the  second  floor,  as  shown  in  Figure  11.  
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Floor  Area  ( ²) Uses  Occupancy 
Exit  
capacity  No  of  exits 
Req  no  of  
exits  
1  23146  Assembly,  mech/elec,  storage  639  1982  5  3  
2  43458  Business,  storage,  assembly  524  3840  8  3  
3  43209  Business,  storage,  assembly  701  879  4  3  
4  33307  Business,  storage,  assembly  464  656  3  2  
5  25294  Business,  storage,  assembly  263  433  2  2  
6  19958  Business,  storage,  assembly  251  433  2  2  
Roof  20236  Mech/elec  6  223  1  1  
Floor  
Diagonal  
Distance  ( )  
1/3  Diagonal  
distance  ( )  Exit  spacing  ( ) 
1  248  83  160  
2  481  160  413  
3  481  160  451  
4  407  136  344  
5  248  83  220  
6  248  83  220  
  
  
Figure  11.  Dead  end  travel  distance  is  exceeded  on  the  second  floor.  
Fire  Ra ngs  
This  building  has  fire  rated  walls  to  meet  a  variety  of  code  requirements.  The  east  and  west  wings  of  the  
building  are  separated  from  the  atrium  with  horizontal  exits.  These  horizontal  exits  create  control  areas,  
which  require  2  hour  fire  separa on,  per  CBC  414.2.4.  The  ver cal  exit  enclosures  require  two  hour  fire  
ra ngs,  in  accordance  with  CBC  1020.1,  since  Baker  Science  is  more  than  four  storeys  tall.  Examples  of  
these  fire  ra ngs  are  shown  in  Figure  12  with  the  horizontal  exits  highlighted  in  red  and  the  ver cal  exit  
highlighted  in  green.  Individual  occupancies  need  to  be  separated  from  adjacent  occupancies  per  CBC  
Table  508.3.3.  A  one  hour  fire  ra ng  is  required  between  business,  assembly,  storage,  and  high  hazard  
group  occupancies.  Baker  Science  complies  with  all  required  fire  ra ng  requirements  for  exits  and  




Figure  12.  Example  of  fire  ra ngs  separa ng  control  areas  (red)  and  area  of  refuge  (green).  
Exit  Signs  
Marking  of  means  of  egress  is  required  by  CBC  1013.1.  Placement  of  exit  signs  is  important  to  help  
people  unfamiliar  with  the  building  safely  escape  during  a  fire,  and  for  people  trying  to  find  a  safe  exit  
path  in  heavy  smoke.  This  sec on  of  the  code  states  that  an  exit  sign  must  be  visible  from  100     or  less  
in  an  exit  passageway.  These  exit  signs  must  be  illuminated  at  all   mes.  The  farthest  distance  from  an  
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exit  sign  is  in  the  east  wings  of  floors  three  and  six.  Two  exit  signs  in  the  corridors  are  173     apart,  so  
standing  halfway  between  the  signs  is  86.5     from  the  nearest  sign.   
Occupancy  Characteris cs  
This  building  will  serve  students  and  faculty  in  lab,  classroom,  and  office  se ngs.  There  are  also  storage,  
mechanical,  electrical,  and  service  spaces.  These  spaces  will  primarily  be  used  by  the  building  staff.  The  
people  who  use  the  building  will  likely  be  familiar  with  the  layout,  aiding  in  their  ability  to  evacuate  
efficiently  if  necessary.   
Since  most  of  the  capacity  consists  of  classrooms  and  labs,  students  are  expected  to  comprise  most  of  
the  people  in  the  building.  If  a  fire  were  to  occur,  they  would  likely  be  led  to  evacuate  by  a  professor.  
Many  of  the  students  would  take  the   me  to  pick  up  their  notes,  computers,  and  backpacks.  Clu ered  
aisles  between  desks  could  create  tripping  hazards  and  slow  egress  slightly.  The  laboratories  could  have  
open  flames  or  experiments  with  dangerous  chemicals.  Students  and  faculty  may  need  to  place  their  
work  in  a  safe  condi on  prior  to  leaving  the  room.  This  is  another  factor  that  could  delay  egress   me  by  
a  minute  or  two.   
Students  or  faculty  working  on  computers  may  take   me  to  save  work  to  a  flash  drive  or  the  internet  
prior  to  evacua ng.  This  is  due  to  experience  with  false  fire  alarms,  and  perceived  value  for  their  work.  
Saving  work  prior  to  leaving  could  delay  a  person  by  a  couple  of  minutes.   
Pre-movement  Response  
There  are  many  ways  occupants  could  be  alerted  to  a  fire.  The  way  most  occupants  of  a  building  would  
be  alerted  would  be  audible,  in  the  form  of  a  fire  alarm.  Other  audible  methods  would  be  hearing  
someone  shout  “fire”  if  they  were  the  one  to  discover  it.  A  large  number  of  people  evacua ng  would  
cause  a  commo on  that  could  likely  be  heard.  The  fire  alarm  system  also  includes  strobes  that  would  
provide  visual  cues  for  people  who  are  hard  of  hearing  or  listening  to  headphones.  Another  way  
occupants  could  discover  the  fire  would  be  through  heat  or  smell.  These  would  likely  occur  if  the  fire  
started  in  an  unoccupied  space.   
Once  it  has  been  established  that  there  is  a  fire,  people  in  the  building  need  to  evacuate.  In  some  
buildings  (such  as  a  movie  theater)  occupants  only  enter  through  one  door.  As  a  result,  they  are  more  
likely  to  use  the  same  door  to  exit.  In  a  school  building,  students  and  professors  know  that  there  are  
mul ple  entrances/exits,  and  likely  use  different  ones  depending  on  where  they  are  traveling  from  or  to.  
This  increases  the  odds  that  people  exi ng  will  use  the  closest  unobstructed  exit  instead  of  leaving  
through  a  main  exit  they  typically  use.   
Egress  Time  
A  reliable  es ma on  of  egress   me  is  necessary  to  determine  if  tenability  will  be  maintained  in  occupied  
spaces  for  a  given  design  fire.  A  second  order  hydraulic  calcula on  was  performed  to  determine  the   me  
occupants  would  need  to  egress  from  the  Baker  Science  building  when  it  was  at  rated  occupancy.  For  
this  calcula on  it  was  assumed  the  occupants  would  exit  through  the  stairway  in  the  sec on  of  the  
building  where  they  were  when  the  alarm  sounded.  The  building  is  separated  into  three  sec ons:  the  
west  wing,  the  atrium,  and  the  east  wing.  An  egress  calcula on  was  performed  for  each  sec on  since  
20  
  
this  calcula on  assumes  the  egress  of  each  will  occur  separately.  A  summary  of  egress   mes  is  shown  in  
Table  3,  with  a  detailed  hydraulic  egress  calcula on  provided  in  Appendix  B.  Some  parts  of  the  table  are  
le   blank  where  that  floor  of  the  building  does  not  have  that  sec on  of  the  building.  Also  note  that  
floors  2  and  3  for  the  east  wing,  and  the  first  floor  of  the  west  wing  are  independent  of  egress  from  
higher  floors,  yielding  a  lower  egress   me.  The   me  for  the  en re  building  to  be  evacuated  is  13.62  
minutes.   
Table  3.  Summary  of  egress   mes  from  different  parts  of  Baker  Science.  
Egress   me  is  calculated  star ng  when  occupants  begin  to  move.  To  determine  the   me  from  igni on  of  
the  fire  to  total  evacua on,   me  to  alarm  and  pre-movement   me  must  also  be  included.  Time  to  alarm  
is  dependent  on  the  specific  fire  scenario,  and  the  SFPE  Handbook  can  provide  an  es mate  of  
pre-movement   me.  The  SFPE  Handbook  provides  es mated  pre-movement   mes  for  various  types  of  
buildings.  The  building  type  that  most  closely  represents  Baker  Science  is  a  high-rise  office  building.  
While  Baker  Science  narrowly  misses  the  defini on  of  a  high-rise  building,  the  occupants  would  be  
familiar  with  the  building,  and  it  would  typically  be  occupied  during  working  hours.  Table  64.4  provides  a  
pre-movement   me  of  1.2  minutes  for  a  high-rise  building.  
The  primary  purpose  of  the  life  safety  analysis  is  to  ensure  occupants  can  safely  exit  the  building  in  the  
case  of  an  emergency.  In  order  to  accomplish  this,  occupants  must  be  able  to  find  and  traverse  through  
exits  in  a   mely  manner.  The  Baker  Science  building  can  be  completely  evacuated  in  less  than  14  minutes  
in  the  event  of  a  fire.  Exit  signage  will  efficiently  lead  people  to  the  nearest  exit,  which  needs  to  have  
sufficient  capacity,  based  on  door  and  stair  width.  Baker  Science  meets  or  exceeds  the  life  safety  
requirements  of  the  California  Building  Code.  Proper  quan ty  and  loca ons  of  exits  will  allow  egress  to  
occur  in  a   mely  manner.  Safe  egress   me  can  be  extended  by  reducing  growth  rate  and  size  of  a  fire  
through  automa c  suppression.  
Fire  Suppression 
System  Descrip on  
The  Baker  Science  building  contains  wet  pipe  sprinklers  throughout  the  en re  building.  The  whole  
building  is  sprinklered  from  a  single  wet  pipe  sprinkler  riser  which  is  fed  from  a  fire  pump.  NFPA  13  8.2.1  
gives  a  maximum  floor  area  limit  that  can  be  protected  by  one  sprinkler  zone  of  52,000    2   for  light  and  
ordinary  hazard  occupancies.  The  second  floor  has  the  greatest  area  at  43,458    2 ,  allowing  the  building  
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Time  to  
evacuate  
Time  to  reach 
next  floor  
Time  to  
evacuate  
Time  to  reach 
next  floor  
Time  to  
evacuate  
Time  to  reach 
next  floor  
6th      1.79  2.12  4.56  4.93  
5th      3.18  3.51  8.64  9.02  
4th  4.46  4.84  4.51  4.85  13.25 13.62 
3rd  7.71  8.09  7.74  8.08  5.40    
2nd  9.52  10.04 8.66    2.61    
1st  5.07            
  
to  be  served  by  a  single  sprinkler  riser.  Four  standpipes,  located  in  the  egress  stairwells,  deliver  water  to  
the  upper  floors.  A  fire  pump,  located  on  the  first  floor,  is  provided  due  to  the  height  of  the  building.   
Water  Supply  
The  fire  protec on  water  supply  comes  from  a  looped  domes c  water  main  to  the  north  of  the  building.  
There  were  two  hydrant  flow  tests  performed,  one  with  flow  from  hydrant  #63  and  sta c  pressure  from  
hydrant  #64,  and  another  test  with  flow  from  hydrant  #64  and  sta c  pressure  from  #63.  The  loca ons  of  
the  fire  loop  and  hydrants  #63  and  #64  are  shown  in  red  on  Figure  13,  with  the  Baker  Science  Building  
outlined  in  Blue.  The  results  of  the  flow  tests  are  shown  in  Figures  14  and  15.  Hydrant  #63  is  located 
much  closer  to  the  supply  main  for  Building  180  and  was  selected  for  the  hydraulic  calcula ons  as  a  
result.  Figure  16  shows  the  city  water  supply  curve  for  the  building,  adjusted  for  the  height  of  the  pump  
inlet.  In  order  to  be  conserva ve,  the  test  pressures  were  reduced  by  10%  when  performing  sprinkler  
system  calcula ons.   
  




Figure  14.  Hydrant  flow  test,  hydrant  #63.  
  




Figure  16.  Building  water  supply  curve.  
The  domes c  water  loop  connects  to  the  building  with  an  8”  cement  lined  duc le  iron  pipe.  The  fire  
water  system  is  separated  from  the  city  water  main  with  a  backflow  preventer.  NFPA  13  requires  fire  
water  systems  to  be  isolated  from  the  water  main  to  prevent  contamina on  of  drinking  water.  This  
sprinkler  system  uses  a  Wilkins  350ADA  double  check  detector  assembly.  This  consists  of  two  check  
valves  with  isola on  valves  on  either  side.  The  isola on  valves  are  8”  OS&Y  valves,  and  have  tamper  
monitor  switches  that  connect  to  the  fire  alarm  system.  The  tamper  monitors  ac vate  a  supervisory  
condi on  at  the  fire  alarm  control  unit  if  either  of  the  isola on  valves  is  moved  from  the  open  posi on.  
This  is  important  since  one  of  these  valves  being  shut  would  prevent  the  sprinkler  system  from  opera ng  
in  the  event  of  a  fire.  One  design  considera on  when  using  backflow  preventers  is  the  pressure  loss  
across  the  check  valves.  This  is  dependent  on  the  system  waterflow  and  the  size  of  the  backflow  
preventer.  This  pressure  loss  needs  to  be  included  in  the  hydraulic  calcula ons  in  order  for  them  to  
provide  an  accurate  representa on  of  available  system  flow.   Figure  17  is  the  double  check  assembly  
installed  in  the  building  water  supply,  and  Figure  18  is  the  double  check  assembly  pressure  loss  graph.  
This  double  check  assembly  is  installed  above  ground  due  to  the  moderate  temperatures  experienced  in  
San  Luis  Obispo.  In  a  climate  with  freezing  weather  the  backflow  preventer  would  most  likely  be  installed  




Figure  17.  Double  check  assembly.  
Figure  18.  Pressure  loss  based  on  flow  for  Wilkins  350ADA  backflow  preventer.  
Fire  pump  
The  height  of  the  building  combined  with  the  available  water  supply  necessitates  a  fire  pump.  The  pump  
is  located  on  the  first  floor  in  the  fire  riser  room.  The  pump  is  a  Peerless  6PVF10  electric  fire  pump.  Each  
storey  in  the  Baker  Science  building  is  16   ,  meaning  the  6th  floor  ceiling  is  80     higher  than  the  1st  floor  
ceiling.  In  order  to  supply  water  to  the  sixth  floor,  an  addi onal  34.6  psi  is  required  to  supply  water  
compared  to  the  first  floor.  .  When  a  sprinkler  opens,  releasing  water,  a  4.6 psi  P = ( 80 f t0.433 psi f t/ )
 
= 3
pressure  switch  at  the  discharge  of  the  pump  senses  the  difference  in  pressure  and  ac vates  the  fire  
pump.  To  maintain  pressure  at  the  discharge  of  the  fire  pump  a  pressure  maintenance  pump,  commonly  
called  a  “jockey  pump,”  is  provided  in  parallel  to  the  fire  pump.  Small  decreases  in  pressure  due  to  
system  leaks  will  trigger  the  pressure  maintenance  pump  to  ac vate  and  increase  the  pressure  in  the  
sprinkler  piping.  The  pressure  maintenance  pump  has  a  much  smaller  capacity  than  the  fire  pump  and  
can  ac vate  and  deac vate  itself  with  the  pressure  switch.  The  jockey  pump  ac vates  at  155  psi  and  
deac vates  at  165  psi,  but  the  fire  pump  does  not  ac vate  un l  pressure  reaches  150  psi.  This  ensures  
pressure  in  the  sprinkler  piping  is  normally  maintained  by  the  jockey  pump.  The  fire  pump  deac vates  at  
191  psi  to  ensure  the  piping  does  not  become  overpressurized.  The  Peerless  pump  curve  is  shown  in  




Figure  19.  Peerless  pump  flow  curve.   
  
Figure  20.  Fire  pump  and  pressure  maintenance  pump  setpoints.  
Standpipes  
Standpipes  are  provided  in  this  building  in  accordance  with  NFPA  14,  Standard  for  Installa on  of  
Sprinkler  Systems.  A  standpipe  is  installed  in  each  egress  stairway,  with  a  fire  hose  valve  on  each  landing  
of  the  egress  stair.  The  standpipe  in  stair  1  has  a  6”  pipe,  and  has  a  fire  hose  valve  on  the  roof  of  Baker  
Science.  Stair  3  is  fully  enclosed  and  also  has  a  6”  standpipe.  There  is  also  a  fire  hose  connec on  valve  in  
the  roof  dog  house  at  the  top  of  stair  3.  Stair  4  has  a  4”  standpipe  with  a  hose  valve  on  the  roof,  even  
with  level  5.  Stair  5  is  not  enclosed,  and  has  a  4”  standpipe.  It  does  not  extend  to  the  roof.  Figure  21  
shows  the  loca ons  of  the  standpipes  in  Baker  Science.  The  standpipe  system  is  capable  of  supplying  a  
total  of  1000  gpm,  with  500  gpm  at  100  psi  at  the  highest  outlets.  A  plot  of  standpipe  demand  pressure  
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is  shown  in  Figure  22,  where  the  fire  pump  supplies  1000  gpm  at  143.7  psi.  Hydraulic  calcula ons  were  
performed  for  the  standpipes  and  are  shown  in  Appendix  C.  
  
  




Figure  22.  Standpipe  pressure  demand  plot  for  calcula on  #5,  highlighted  in  red.  
Commodity  Classifica on  
The  biggest  hazard  in  this  building  are  the  laboratories  with  chemicals  in  them.  Chapter  22  of  NFPA  13  
determines  the  hazard  classifica on  of  labs  based  on  the  laboratory  class  as  defined  in  NFPA  45.  NFPA  45  
4.2.2.2  states  that  educa onal  laboratory  units  shall  be  classified  as  Class  D.  NFPA  13  22.8.1  (2)  says  that  
Class  C  and  D  laboratories  shall  be  classified  as  ordinary  hazard  (Group  1).  The  design  criteria  for  
ordinary  hazard  (Group  1)  is  0.15  gpm/  2   over  1500    2 ,  from  Figure  11.2.3.1.1  of  NFPA  13.  The  quick  
response  sprinklers  used  in  this  building  allow  for  a  reduc on  of  area  in  accordance  with  11.2.3.2.3.1  of  
NFPA  13.  The  reduc on  is  40%  for  ceilings  10     tall,  giving  a  design  area  of  .   500 f t 0% 00f t1 2 * 6 = 9
2
System  Design  Area  
The  sprinkler  system  designers  used  many  different  design  areas  to  show  the  water  supply  was  adequate  
for  the  sprinkler  systems  in  this  building.  Many  of  the  calculated  design  areas  are  on  the  sixth  floor.   
The  highest  calculated  demand  area,  labeled  6-4,  is  in  the  atrium  outside  the  faculty  offices.  The  
calculated  area  is  1500    2   and  light  hazard,  0.10  gpm/  2 .  The  total  demand  for  this  area  is  347  gpm  at  
117  psi  at  the  base  of  the  riser.  The  sprinkler  designers  did  not  use  the  ceiling  height  area  reduc on  for  
design  area  6-4,  although  this  would  be  permi ed.  An  outline  of  area  6-4  is  shown  in  Figure  23  and  a  
summary  of  the  hydraulic  informa on  is  shown  in  Figure  24.  Appendix  D  contains  drawings  with  
sprinkler  pipe  layouts.  The  fire  pump  will  have  the  most  difficulty  providing  water  to  the  highest  floor  in  
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the  building.  The  design  area  has  fourteen  Tyco  TY-FRB  K-5.6  quick  response  sprinklers  with  155°F  
ra ngs.  The  spec  sheet  is  provided  in  Appendix  C.  Each  sprinkler  in  the  design  area  has  a  maximum  area  
of  112    2 .  This  requires  16.8  gpm  per  sprinkler,  giving  a  minimum  supply  pressure  of  










Figure  24.  Design  area  6-4  hydraulic  summary.  
Baker  Science  connects  to  the  school’s  domes c  water  loop  with  an  8”  underground  supply  line.  The  
sprinkler  system  is  fed  from  a  pump  rated  for  750  gpm  at  113  psi.  Figure  25  shows  an  eleva on  view  of  
the  pump  and  riser  room.  The  product  data  sheet  for  the  pump  is  provided  in  Appendix  C.  The  discharge  
of  the  pump  feeds  6”  mains  that  supply  water  to  four  6”  standpipes,  located  in  the  stairwells.  The  mains  
on  the  floors  are  2½”  with  1”  or  1¼”  branch  lines  supplying  the  sprinklers.   
  
Figure  25.  Eleva on  view  of  pump  and  riser  room.  
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Hydraulic  Calcula ons  
A  program  called  Hydracalc  was  used  to  perform  hydraulic  calcula ons  for  this  system.  Details  about  
each  part  of  the  sprinkler  system  were  put  into  the  program.  The  sprinklers  and  branch  lines  were  input  
in  the  system,  then  connected  to  the  main  on  the  sixth  floor.  Each  pipe  length,  number  and  type  of  
fi ngs,  material,  and  eleva on  are  included,  as  this  informa on  is  required  for  an  accurate  calcula on  of  
pressure  and  flow  for  a  system.  The  flowing  sprinklers  are  included,  and  the  program  runs  calcula ons  to  
balance  flow  between  them  as  would  occur  if  the  system  were  really  ac vated.   
Hydracalc  uses  the  Hazen-Williams  formula  to  calculate  pressure  loss  through  a  pipe.  The  factors  that  
influence  pressure  loss  are  flow,  pipe  roughness  coefficient,  inside  pipe  diameter,  and  length  of  pipe.  
Pipe  elbows,  valves,  and  other  fi ngs  also  contribute  to  pressure  loss.  This  is  accounted  for  with  an  
“equivalent  length”  of  pipe.  An  equivalent  length  represents  the  length  of  pipe  that  could  be  installed  in  
a  pipe  segment  that  would  create  the  same  pressure  loss  as  the  fi ng.  This  informa on  can  be  found  on  
data  sheets  for  the  fi ngs,  and  allows  for  easier  pressure  loss  calcula ons.  
The  Hazen-Williams  formula  is  shown  below.  The  output  of  the  formula  is  the  pressure  loss  per  length  
(psi/ )  for  a  sec on  of  pipe.  This  is  mul plied  by  the  length  of  pipe,  including  equivalent  lengths  of  
fi ngs,  to  calculate  the  total  pressure  loss  for  a  pipe  sec on.  The  hydraulic  calcula ons  are  provided  in  
Appendix  C.  The  Hazen-Williams  formula  is  provided  in  NFPA  13,  23.4.2.1.1:  





p  =  fric onal  resistance  (psi/   of  pipe)  
Q  =  flow  (gpm)  
C  =  fric on  loss  coefficient  
d  =  actual  internal  diameter  of  pipe  (in)  
Mul ple  design  areas  are  calculated  in  Hydracalc,  as  an  engineer  may  not  immediately  be  able  to  
determine  what  the  most  hydraulically  remote  area  is  at  first  glance.  In  the  hydraulic  calcula ons  for  
Baker  Science,  area  6-4  was  the  most  hydraulically  remote.  This  remote  area  is  located  on  the  sixth  floor,  
has  an  area  of  opera on  of  1567    2   with  a  density  of  0.10  gpm/  2 ,  and  requires  347  gpm  at  117  psi.  
Figure  26  shows  a  plot  with  pressure  vs  flow  for  the  city  water  supply  (green),  the  pump  discharge  
pressure  (red),  and  the  most  remote  area  demand  (blue).  The  most  remote  area  includes  the  100  gpm  
hose  demand.  The  demand  for  the  most  remote  area  is  below  the  pump  pressure  curve,  indica ng  the  
supply  is  adequate  to  protect  the  most  remote  area.  Other  remote  areas  were  calculated,  and  all  




Figure  26.  Pressure  vs  flow  plot  with  city  water  pressure  (green),  pump  discharge  pressure  (red)  and  most  remote  area  (blue).  
  
Inspec on,  Tes ng,  and  Maintenance  
The  inspec on,  tes ng,  and  maintenance  requirements  for  the  fire  suppression  system  are  outlined  in  
NFPA  25.  Systems  must  be  tested  in  accordance  with  original  acceptance  tests  when  a  component  or  
subsystem  is  adjusted,  repaired,  or  replaced.  Any  sprinkler  found  to  not  be  in  compliance  must  be  
repaired  or  replaced  to  comply  with  code  requirements.  Table  5.1.1.2  in  NFPA  25  provides  frequencies  
for  inspec on,  tes ng,  and  maintenance  for  different  types  of  sprinkler  equipment.  Pressure  gauges,  
waterflow  switches,  and  valve  supervisory  signal  devices  must  be  inspected  quarterly.  Sprinklers  must  be  
visually  inspected  annually  from  the  floor  level  annually  for  leakage,  corrosion,  damage,  paint,  or  other  
factors  that  could  be  detrimental  to  sprinkler  opera on.  Representa ve  samples  of  the  quick  response  
sprinklers  must  be  tested  a er  20  years,  and  ten  years  therea er.  Compliance  with  the  inspec on,  
tes ng,  and  maintenance  requirements  from  NFPA  25  will  help  ensure  proper  opera on  of  the  fire 
suppression  system.  
The  fire  suppression  system  in  Baker  Science  is  adequately  designed  and  sized,  capable  of  providing  347  
gpm  of  water  to  the  most  remote  sprinkler  design  area,  with  a  pressure  of  117  psi  at  the  base  of  the  
riser.  There  is  also  enough  capacity  to  supply  the  standpipes  with  100  gpm  of  hose  demand.  The  fire  
suppression  system  is  connected  to  another  vital  safety  system,  the  fire  alarm  and  no fica on  
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equipment.  Upon  ac va on  of  a  sprinkler,  the  fire  alarm  system  would  ac vate,  aler ng  occupants  and  
emergency  services  that  a  fire  had  occurred.   
Fire  Alarm  System  
System  Descrip on  
Baker  Science  is  protected  throughout  with  an  automa c  fire  detec on  and  alarm  system  in  accordance  
with  NFPA  72.  The  purpose  of  the  system  is  to  detect  a  fire,  and  no fy  occupants  to  evacuate  and  
emergency  personnel  to  respond  to  the  building.  The  fire  alarm  system  also  ac vates  or  deac vates  
building  equipment  in  response  to  detec on  of  a  fire.  
Fire  Alarm  Control  Unit  
The  Baker  Science  building  has  a  central  fire  alarm  control  unit  that  can  take  a  variety  of  input  signals  
and  send  the  appropriate  output  signals.  The  fire  alarm  control  unit  is  a  No fier  NSF2-640,  shown  in  
Figure  27.  This  report  will  use  the  phrase  “fire  alarm  control  unit”  and  “FACU”  to  match  the  
nomenclature  of  NFPA  72,  although  the  construc on  documents  use  “fire  alarm  control  panel”  and  
“FACP.”  The  fire  alarm  control  unit  is  located  on  the  first  floor,  in  the  Main  Electrical/Transformer  Room,  
Room  122.  Figure  28  shows  the  loca on  of  the  FACU  (labeled  FACP)  on  the  first  floor.  The  unit  is  a  
No fier  NSF2-640,  and  takes  alarm  signals  from  throughout  the  building,  and  provides  appropriate  
output  signals.  The  sequence  of  opera ons  matrix  is  shown  below,  in  Figure  29.  This  matrix  shows  what  
signal  outputs  the  FACU  creates  for  all  possible  alarm  inputs.  The  FACU  alerts  the  receiving  sta on  of  
condi ons  in  the  building  in  order  to  get  emergency  response,  as  well  as  ac vate  no fica on  devices  to 
alert  occupants  to  evacuate.  The  receiving  sta on  is  the  campus  police  sta on,  and  is  monitored  at  all  
 mes.  Upon  receiving  a  signal,  the  campus  police  will  dispatch  the  local  fire  department  to  the  building.  




Figure  27.  No fier  NSF2-640  Fire  Alarm  Control  Unit.  
  




Figure  29.  Fire  alarm  ac on  matrix. 
NFPA  72  defines  an  alarm  condi on  as  “an  abnormal  condi on  that  poses  an  immediate  threat  to  life,  
property,  or  mission”  (3.3.58.1.1).  The  alarm  signals  that  can  ac vate  this  are  water  flow  alarms,  fire  
pump  running  or  phase  reversal  signal,  manual  pull  sta ons,  heat  detectors,  and  beam/duct/spot  smoke  
alarms.  An  alarm  signal  will  ac vate  audio/visual  devices,  aler ng  occupants  to  evacuate  the  building.  
A  supervisory  condi on  is  “an  abnormal  condi on  in  connec on  with  the  supervision  of  other  systems,  
processes,  or  equipment”  (NFPA  72  3.3.58.1.3).  A  supervisory  signal  is  generated  by  ac va on  of  a  
sprinkler  tamper  switch,  fire  pump  loss  of  phase  or  phase  reversal,  shunt  trip  power  supervision.   
A  trouble  condi on  is  defined  as  “an  abnormal  condi on  in  a  system  due  to  a  fault”  (NFPA  72  3.3.58.1.4).  
A  trouble  condi on  is  ac vated  when  there  is  an  AC  power  failure,  low  ba ery  signal,  open  circuit,  or  a  
ground  fault.  
Alarm  Ac va on  Devices  
Fire  alarm  ac va on  in  the  Baker  Science  building  is  accomplished  through  a  variety  of  devices:  different  
types  of  smoke  and  heat  detectors,  fire  pump  running  signal,  fire  riser  flow  switch,  and  manual  pull  
sta ons.  The  building  is  fully  sprinklered,  so  the  primary  fire  detec on  in  most  of  the  building  is  through  
ac va on  of  a  sprinkler.  Once  heat  from  a  fire  breaks  the  bulb  of  a  sprinkler,  water  flows  out.  This  flow  of  
water  ac vates  a  waterflow  switch  in  the  fire  riser,  sending  an  alarm  signal  to  the  FACU.  The  decrease  in  
pressure  at  the  output  of  the  pump  would  also  trigger  the  pump  to  run,  ac va ng  the  fire  pump  running  
signal,  which  also  ac vates  an  alarm  on  the  FACU.   
In  addi on  to  sprinklers  throughout  the  building,  there  are  also  smoke  detectors  in  the  HVAC  duc ng,  
the  elevator  sha ,  elevator  lobbies,  and  heat  detectors  in  the  elevator  machinery  room.  Photoelectric  
smoke  detectors  are  installed  above  vital  fire  alarm  equipment  such  as  the  FACU  and  RNPS  and  in  
elevator  lobbies  and  machinery  rooms.  The  spot  smoke  detectors  installed  in  Baker  Science  are  No fier  
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FSP-851,  while  the  heat  detectors  are  FST-851.  An  example  of  a  No fier  smoke  detector  is  shown  in  
Figure  30.  
  
Figure  30.  No fier  FSP-851  photoelectric  smoke  detector,  with  base.  
Duct  smoke  detectors  are  installed  in  HVAC  systems  to  send  a  signal  to  shut  down  associated  air  handling  
equipment  to  prevent  the  spread  of  smoke  from  one  space  to  another.  NFPA  90A  requires  duct  smoke  
detectors  in  any  ven la on  system  that  flows  greater  than  2000  cfm  and  is  capable  of  spreading  smoke  
to  another  space.  The  duct  detectors  installed  in  Baker  Science  are  System  Sensor  DNR.  
Addi onally,  there  are  manual  pull  sta ons  at  the  exits  of  the  building,  and  next  to  stairway  entrances.  
This  allows  an  evacua ng  occupant  to  ac vate  the  fire  alarm  system  as  they  leave.  This  would  be  helpful  
when  a  small  fire  starts,  but  does  not  ac vate  smoke  detectors  or  a  sprinkler  system.  The  manual  pull  
sta ons  used  in  this  building  are  No fier  NBG-12LX,  and  are  a  dual-ac ng  design.  This  means  that  two  
movements  are  required  to  ac vate  the  alarm.  The  pull  sta ons  are  addressable,  which  means  the  exact  
pull  sta on  that  was  ac vated  is  iden fied  for  emergency  personnel  to  respond  to.  An  example  of  a  pull  
sta on  is  shown  in  Figure  31.   
  
Figure  31.  Example  of  manual  pull  sta on.  
The  passive  smoke  ven ng  system  in  the  atrium  can  be  ac vated  in  three  different  ways.  There  are  beam  
smoke  detectors  at  all  levels  of  the  atrium,  waterflow  switches  dedicated  to  the  atrium  sprinklers,  and  
manual  pull  sta ons  in  the  atrium  that  all  ac vate  the  passive  smoke  control  system.  This  allows  a  fire  in  
the  atrium  to  be  detected  without  the  delay  of  the  smoke  reaching  six  stories  up  to  the  top  of  the  
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atrium.  The  beam  detectors  in  the  atrium  consist  of  an  emi er  (Xtralis  OSE-SPW)  and  an  imager  (Xtralis  
OSI-90).  One  imager  can  receive  inputs  from  up  to  seven  emi ers,  although  no  imager  receives  more  
than  three  emi er  signals.  This  configura on  is  used  on  the  south  side  of  the  atrium  on  floors  4,  5,  and  
6.  The  Xtralis  beam  detectors  use  two  wavelengths  (IR  and  UV)  to  dis nguish  between  smoke  and  dust.  
An  Xtralis  imager  is  shown  in  Figure  32,  the  emi er  looks  similar.  
  
Figure  32.  Xtralis  OSI-90  beam  smoke  detec on  imager.  
Alarm  No fica on  Appliances  
No fica on  in  the  Baker  Science  building  is  accomplished  with  visual  and  audible  devices.  The  visual  
devices  are  strobes,  while  the  audible  devices  are  speakers.  System  Sensor  SPSWL  speaker/strobe  
combina ons  are  used  throughout  the  building.  Speaker  only  and  strobe  only  devices  are  also  installed  
where  required  for  adequate  audible  and  visual  coverage.  The  strobes  have  adjustable  candela  se ngs  
to  provide  adequate  visual  coverage  for  their  space.  In  smaller  spaces  a  lower  candela  se ng  can  be  
used  to  reduce  the  required  current  when  the  device  is  ac vated.   
All  no fica on  devices  in  this  building  are  wall  mounted.  The  strobes  are  placed  in  hallways,  classrooms,  
labs,  and  bathrooms.  NFPA  72  does  not  require  visual  coverage  in  spaces  that  are  not  normally  occupied  
by  more  than  one  person.  Examples  of  spaces  where  strobes  are  omi ed  are  single  offices,  
mechanical/electrical  rooms,  and  storage  rooms.  One  of  the  general  notes  states  “Wall  mount  
audio/visual  devices  shall  be  mounted  80”  AFF  to  bo om  of  the  strobe  lens.”  This  complies  with  the  
lower  limit  for  strobe  moun ng  height  given  in  Chapter  18  of  NFPA  72,  but  the  drawing  does  not  
men on  the  96”  upper  limit  that  is  also  required.  The  speakers  are  used  for  the  voice  evacua on  system.  
There  is  also  a  water  motor  gong  near  the  fire  department  connec on  outside  the  building.   
There  are  a  number  of  rooms  in  Baker  Science  that  do  not  have  adequate  visual  coverage  of  no fica on  
devices.  Most  of  the  spaces  have  an  adequate  device,  but  it  is  not  centrally  aligned.  Moving  the  devices  
to  the  center  of  their  space  would  provide  adequate  coverage.  The  following  is  a  list  of  spaces  that  to  not  
comply  with  code:  Lecture  room  (CLA  05),  Integrated  studio  (265),  Intro  teaching  lab  (276),  
Mineral/maps/geology  (233),  Teaching  lab  (237),  GIS  room  (230),  Chem  stock  (232),  Teaching  lab  (461).  
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Voltage  Drop  Calcula ons  
Voltage  drop  calcula ons  are  performed  to  ensure  adequate  voltage  for  signaling  device  circuits.  The  
nominal  voltage  ra ng  for  the  system  is  24  VDC,  but  NFPA  72  10.3.5  requires  equipment  to  func on  at  
85%  of  its  rated  voltage.  A  voltage  drop  calcula on  is  performed  for  each  no fica on  circuit  in  the  
building.  The  drop  in  voltage  occurs  because  of  resistance  in  the  wiring  to  the  no fica on  devices.  To  
calculate  the  voltage  drop,  the  engineer  sums  the  current  draw  for  all  no fica on  devices  on  each  
segment  of  a  circuit.  The  no fica on  device  data  sheets  provide  the  current  draw  based  on  candela  and  
decibel  se ngs  for  each  appliance.  The  wiring  length  for  the  circuit  is  measured  and  mul plied  by  the  
resistance  per  length  for  the  wiring,  typically  listed  in  Ohms  per  1000   .  Note  that  the  length  of  wire  is  
twice  the  distance  between  each  no fica on  device  in  order  for  there  to  be  a  path  back  for  the  current  
to  travel  through.  This  product  of  resistance  per  length  and  total  circuit  length  gives  the  total  resistance  
for  the  circuit,  which  can  be  mul plied  by  the  current  drawn  by  the  appliances,  yielding  the  total  voltage  
drop.  Figure  33  shows  a  voltage  drop  calcula on  for  one  of  the  circuits  in  Baker  Science.  UL  listed  devices  
will  have  an  opera ng  voltage  of  16  VDC.  A  24  VDC  system  at  85%  (20.4  VDC)  can  have  a  total  voltage  
drop  of  4.4  VDC.  If  the  voltage  drop  is  excessive,  appliances  can  be  moved  to  another  circuit,  or  a  heavier  
gauge  wire  with  less  resistance  per  1000     can  be  selected.  All  of  the  signaling  line  circuits  have  a  voltage  
drop  of  less  than  4.4  V,  which  complies  with  the  NFPA  72  requirements.  Full  voltage  drop  calcula ons  for  





Figure  33.  Voltage  drop  calcula on  for  circuit  1V1.  
Secondary  Power  Supply  
Fire  alarm  systems  require  a  primary  and  secondary  power  supply.  The  primary  supply  is  standard  120  V  
electricity  from  the  grid.  The  secondary  power  is  supplied  with  ba eries.  Appliances  such  as  the  fire  
alarm  control  unit  and  smoke  detectors  use  power  at  all   mes,  requiring  standby  current.  Appliances  like  
speakers  and  strobes  only  use  current  during  alarm  condi ons.  NFPA  72  10.6.7.2.1.2  requires  an  EVACS  
system  to  operate  in  standby  for  24  hours  and  in  alarm  for  an  addi onal  15  minutes.  10.6.7.2.1.1  
requires  an  addi onal  20  percent  safety  margin  in  ba ery  capacity.  Based  on  these  requirements,  the  
ba eries  are  sized  to  provide  24  hours  of  standby  current  and  15  minutes  of  alarm  current,  with  an  
addi onal  20  percent  safety  margin.  To  calculate  this  the  engineer  needs  to  know  standby  and  alarm  
currents  for  all  devices  as  well  as  the  quan ty  of  each  device.  The  FACU  cannot  power  all  the  no fica on  
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devices  in  the  building,  so  there  are  many  remote  no fica on  power  supplies  in  the  building.  Each  of  
these  has  its  own  secondary  power  supply  and  associated  ba ery  calcula on.  An  example  of  ba ery  
sizing  calcula ons  is  shown  in  Figure  34.  Note  that  each  type  of  appliance  that  uses  electric  power  is  
listed,  along  with  the  quan ty,  standby  current,  and  alarm  current.  The  total  standby  current  is  
mul plied  by  24  hours,  and  the  total  amount  of  alarm  current  is  mul plied  by  0.25  hours  (for  the  15  
minute  requirement.  These  two  amp-hour  values  are  combined,  then  increased  by  20  percent  to  
determine  the  required  ba ery  capacity  for  the  panel  being  calculated.  The  FACU  and  all  remote  
no fica on  power  supplies  each  have  their  own  ba ery  backups,  and  associated  amp-hour  calcula ons.  
  




Emergency  Communica on  System  
The  Baker  Science  building  provides  an  emergency  voice/alarm  communica on  system.  Speakers  are  
distributed  throughout  the  building  for  voice  communica on  in  the  case  of  an  emergency.  Standard,  
prerecorded  evacua on  messages  are  programmed  for  certain  alarm  condi ons  from  the  fire  alarm  
control  panel.  Live  voice  messages  can  also  be  broadcast  from  the  building’s  FACP  or  from  a  remote  
loca on.  Emergencies  such  as  an  ac ve  shooter  may  necessitate  building  occupants  to  shelter  in  place  
with  specific  instruc ons  that  could  be  provided  for  that  specific  situa on.  
Inspec on  and  Test  Requirements  
Inspec on  and  tes ng  of  the  fire  alarm  equipment  is  important  to  ensure  the  system  operates  as  
intended  in  the  case  of  emergency.  To  verify  everything  is  opera ng  properly  the  system  components  are  
inspected  with  specific  frequency.  Details  of  these  requirements  are  found  in  Chapter  14  of  NFPA  72.  
Inspec ons  of  fuses,  power  supplies,  and  trouble  signals  for  all  fire  alarm  systems  are  performed  
annually.  Ba eries  are  inspected  semiannually  to  ensure  they  are  not  expired.  The  ba ery  connec ons  
are  checked  for   ghtness  and  to  be  free  of  corrosion  and  leakage.  Building  no fica on  appliances  such  
as  speakers  and  strobes  are  inspected  semiannually.   
The  fire  alarm  and  no fica on  system  in  Baker  Science  is  designed  to  detect  a  fire  and  no fy  both  
occupants  and  emergency  personnel.  Fire  detec on  is  accomplished  with  waterflow  switches,  smoke  
and  heat  detec on,  and  manual  pull  sta ons.  The  detec on  ac vates  voice  and  visual  no fica on  for  
occupants  to  evacuate.  With  the  excep on  of  some  visual  no fica on  deficiencies  noted  previously,  the  
fire  alarm  and  no fica on  requirements  are  achieved  to  comply  with  the  requirements  of  the  code.  
Prompt  detec on  of  a  fire  will  allow  firefighters  to  respond  to  fight  the  fire,  limi ng  permanent  damage  
to  the  interior  finishes  and  the  structure.  
Structural  Fire  Protec on  
Required  Occupancy  Separa on  
Bakes  Science  is  type  1B  construc on,  CBC  Table  601.  Type  1B  construc on  requires  2  hour  fire 
resistance  ra ng  for  the  primary  structural  frame,  interior  and  exterior  walls,  and  floor  construc on  and  
associated  members.  Roof  construc on  and  associated  members  have  a  1  hour  fire  resistance  ra ng  
requirement,  and  nonbearing  walls  have  no  requirement.  CBC  Table  705.8  provides  allowable  area  limits  
for  exterior  wall  openings,  based  on  fire  separa on  distance  and  whether  or  not  the  building  is  
sprinklered.  Baker  Science  has  a  fire  separa on  distance  of  20’-25’  to  the  centerline  of  N  Poly  View  Dr,  
which  means  the  allowable  area  for  exterior  wall  openings  is  unlimited.  This  building  does  not  qualify  as  
a  high-rise  building  because  no  floor  used  for  human  occupancy  is  more  than  75     above  the  lowest  
floor  having  building  access.  While  Baker  Science  is  a  six  storey  building,  the  first  floor  only  comprises  
the  western  half  of  the  building  footprint.  The  sixth  floor  is  only  on  the  eastern  half  of  the  building,  so  no  
part  of  the  structure  is  more  than  four  floors  above  the  ground  access  below  it.  With  each  floor  16     
above  the  floor  below  it,  the  sixth  floor  is  64     above  the  second  floor.  At  no  point  in  the  building  is  the  
sixth  floor  directly  above  any  part  of  the  first  floor.   
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Table  504.3  provides  height  limits  based  on  occupancy  classifica on,  construc on  type,  and  if  the  
building  is  sprinklered.  For  business  occupancies  of  Type  1B  construc on,  a  building  is  limited  to  a  height  
of  180     above  the  grade  plane.  Baker  Science  is  112     from  the  grade  plane  to  the  highest  roof  surface,  
well  below  the  180     limit.  The  limit  to  the  number  of  storeys  is  shown  in  Table  504.4  of  the  CBC.  For  
Baker  Science’s  construc on  type,  occupancy,  and  sprinkler  system,  the  limit  is  12  storeys  above  grade  
plane.  Baker  Science  is  six  storeys  tall,  well  below  the  limit.  The  next  considera on  for  building  limits  is  
building  area.  Table  506.2  states  these  limits,  again  based  on  occupancy,  construc on  type,  and  whether  
the  building  is  sprinklered.  The  building  area  for  Baker  Science  is  unlimited.   
CBC  Table  803.5.5  provides  required  occupancy  separa ons  between  different  occupancy  types.  A  
summary  of  separa on  is  shown  in  Figure  35.  No  por on  of  the  building  requires  greater  than  1  hour  fire  
ra ng  separa ng  different  occupancy  types.   
  
Figure  35.  Required  separa on  of  occupancies.  
Part  of  the  Baker  Science  building  juts  out  and  is  about  32     from  the  next  building.  CBC  Table  602  
requires  30     to  a  separa ng  line  between  buildings  in  order  for  the  exterior  to  not  be  fire  rated.  These  
two  buildings  are  closer  than  that  to  the  separa ng  line,  so  the  exterior  of  Baker  Science  has  a  two  hour  
fire  ra ng  where  the  buildings  are  the  closest.  The  nearby  building  is  shown  in  Figure  36.  
  
Figure  36.  A  building  near  Baker  Science  to  the  east.  
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Interior  Finishes  
Baker  Science  contains  A-3,  B,  S-1,  and  S-2  occupancies.  Per  CBC  Table  803.5,  each  occupancy  group  has  
an  interior  finish  requirement  for  exit  enclosures,  corridors,  and  rooms/enclosed  spaces.  Since  this  en re  
building  is  sprinklered  the  interior  finish  requirements  are  less  restric ve  than  they  would  be  in  an  
unsprinklered  building.  Most  of  the  building  has  Class  C  interior  finish  requirements.  The  excep on  to  
this  is  in  places  where  large  groups  of  people  may  need  to  egress,  such  as  exit  enclosures  and  corridors  
serving  many  occupants.  The  requirements  for  interior  finishes  are  shown  in  Figure  37.  
The  interior  finish  class  is  based  on  the  flame  spread  index  of  the  materials  used.  Class  A  has  a  flame  
spread  index  of  0-25,  but  is  not  required  in  this  building.  Class  B  interior  finish  materials  have  a  flame  
spread  index  26-75,  and  Class  C  materials  have  a  flame  spread  index  of  76-200.  All  three  finish  classes  
have  a  smoke  developed  index  of  0-450.  
  
Figure  37.  Interior  finish  requirements  based  on  occupancy  and  room  type.  
Enclosed  Areas  of  Refuge 
The  Baker  Science  building  employs  enclosed  areas  of  refuge.  The  egress  stairways  are  enclosed  areas  of  
refuge,  per  CBC  1007.6.  Stair  3  has  a  two  hour  fire  ra ng,  highlighted  in  green.  The  separa on  between  




Figure  38.  Examples  of  fire  ra ng  enclosed  areas  of  refuge.  
Fire  Resistance  Analysis 
This  building  uses  steel  construc on  with  wide-flange  steel  beams.  These  beams  are  used  for  horizontal  
and  ver cal  support.  Common  sizes  are  W24x207  and  W24x250,  as  shown  in  Figure  39.  
  
Figure  39.  Beam  details  from  C/S3.10.  
The  floor  assemblies  are  concrete  and  metal  deck,  which  is  supported  by  the  steel  beam.  A  detail  view  of  
the  concrete  and  metal  deck  is  shown  in  Figure  40.  The  stories  at  ground-level  have  concrete  slabs  as  
floors.   
  
Figure  40.  Floor  detail,  11/S4.02.  
The  joints  between  the  columns  are  welded  and  bolted.  Detailed  views  are  given  for  various  ways  of  
joining  beams,  along  with  schedules  for  the  number  of  bolts  and  weld  sizes  for  each  connec on  type,  




Figure  41.  Beam  joining  detail.  
  
Figure  42.  Beam  connec on  schedule.  
Fire  Resistance  Requirements  
The  Baker  Science  building  contains  a  variety  of  occupancy  classifica ons:  business,  assembly,  storage,  
and  hazard  3.  Table  508.4  of  the  CBC,  shown  in  Figure  43,  shows  the  required  separa on  of  occupancies,  
with  highlighted  fields  between  relevant  occupancies.  Appendix  A  shows  occupancy  classifica ons  of  the  
different  rooms  in  Baker  science,  along  with  fire  resistance  requirements  between  rooms.  A  red  line  




Figure  43.  CBC  occupancy  separa on  requirements.  
The  Baker  Science  building  complies  with  the  structural  fire  protec on  requirements.  Many  of  these  
requirements  will  be  implemented  on  the  architectural  and  structural  engineering  drawings.  It  is  
important  for  a  fire  protec on  engineer  to  be  familiar  with  these  requirements,  and  check  the  drawings  
from  other  disciplines  to  verify  the  fire  protec on  requirements  are  achieved.  In  addi on  to  verifying  
structural  code  compliance,  the  fire  protec on  engineer  will  also  have  input  on  building  configura on  
related  to  other  systems,  such  as  smoke  control.  
Smoke  Control  System  
The  Baker  Science  building  has  a  large  atrium  extending  from  the  second  floor  to  the  sixth  floor.  
Walkways  connec ng  the  east  and  west  wings  extend  through  the  middle  of  the  atrium.  The  north  side  
opening  has  an  exposed  stairway,  and  the  south  side  has  a  stairway  enclosed  in  fire  rated  walls.  With  
such  a  tall  ceiling  (  ~75’),  a  fire  in  the  atrium  may  not  set  off  sprinklers  and  be  suppressed  with  water.  
The  smoke  will  con nue  to  build  up,  reducing  tenability   me  in  the  top  floors  of  the  atrium  and  making  
egress  more  difficult.   
To  combat  this,  the  building  has  a  passive  smoke  control  system  installed.  The  main  func on  of  this  
system  is  a  “night  purge,”  used  for  temperature  control.  When  the  temperature  in  the  building  exceeds  
the  outside  temperature  by  3°F  or  greater,  vents  at  the  top  of  the  atrium  and  windows  lower  in  the  
atrium  open  to  allow  the  warm,  buoyant  air  to  naturally  exhaust,  being  replaced  by  cooler  outside  air.  
The  dampers  stay  open  un l  the  atrium  temperature  setpoint  is  reached,  when  all  the  dampers  close.  
There  is  an  interlock  to  prevent  opera on  when  it  is  raining.  There  are  four  vents  at  the  top  of  the  
atrium,  two  on  the  north  side  and  two  on  the  south  side.  The  brand  is  Greenheck,  and  all  four  dampers  
are  60”x120”.  The  vents  are  at  the  top  of  elevated  roof  sec ons.  The  elevated  roof  sec ons  provide  
space  for  smoke  to  build  up  before  the  smoke  extends  into  the  egress  paths  on  the  top  floor  of  the  
atrium.  A  construc on  drawing  of  the  smoke  control  vents  is  shown  in  Figure  44,  and  a  satellite  view  of  




Figure  44.  North  atrium  smoke  control  vents.  
  
Figure  45.  Smoke  control  vents  highlighted  in  satellite  view.  
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The  night  purge  system  uses  the  same  principles  to  vent  smoke  in  the  case  of  a  fire.  If  a  fire  is  detected  in  
the  atrium  the  roof  dampers  and  the  atrium  doors  open  to  allow  smoke  to  vent  out  of  the  top  of  the  
atrium,  increasing  the   me  occupants  have  to  egress  the  atrium  without  smoke  overwhelming  them.  
When  the  smoke  control  system  ac vates  all  the  doors  to  the  east  and  west  wings  close.  This  is  
accomplished  by  the  fire  alarm  system  stopping  power  to  the  magne c  door  holders.  This  allows  the  
makeup  air  to  be  supplied  from  the  outside  through  the  bo om  of  the  atrium.  The  smoke  control  system  
can  be  ac vated  by  a  waterflow  switch  for  sprinklers  in  the  atrium,  a  manual  pull  sta on  in  the  atrium,  or  
a  beam  smoke  detector  in  the  atrium.  Detec on  in  other  parts  of  the  building  do  not  trigger  the  smoke  
control  system.   
Design  fire  1  takes  place  in  the  atrium,  and  was  designed  to  ac vate  the  smoke  control  system.  Figure  46  
shows  a  vector  slice  file  at  the  smoke  control  vents  above  the  fire.  The  colored  vectors  indicate  the  
smoke  is  escaping  at  about  2.5  m/s.  With  each  vent  having  an  area  of  4.62  m 2 ,  the  vents  on  this  side  are  
ven ng  approximately  23.1  m 3 /s  of  smoke.  
There  is  a  night  purge  system  installed  in  the  tall  ceiling  in  the  first  floor  lobby,  however  it  is  not  
connected  to  the  fire  alarm  system  to  act  as  a  smoke  control  system.  This  is  not  necessary  since  
occupants  will  not  evacuate  through  the  fire  plume  above  the  fire  in  the  event  of  an  emergency.   
  
Figure  46.  Vector  slice  file  of  velocity  of  ven ng  smoke.  
U lizing  the  night  purge  func on  for  smoke  control  was  an  upgrade  to  the  Baker  Science  building  that  
required  li le  addi onal  equipment  to  achieve  some  benefit.  Since  this  type  of  system  needs  to  be  
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specific  to  the  building  in  which  it  is  installed,  the  California  Building  Code  does  not  dictate  how  a  smoke  
control  system  needs  to  be  sized  and  configured.  In  order  to  verify  adequate  smoke  ven ng  capability,  
the  engineer  must  know  the  required  safe  egress   me  as  well  as  the  characteris cs  of  a  design  fire,  
including  smoke  produc on.  With  this  informa on,  a  performance  based  review  can  be  conducted  in  
order  to  properly  size  the  smoke  control  system.  
Performance  Based  Review  
Design  Fire  Goals  
The  goal  of  the  performance  based  review  is  to  verify  the  tenability   me  for  occupants  in  Baker  Science  
exceeds  the  evacua on   me,  for  the  selected  design  fires.  The  design  fires  were  chosen  to  represent  
challenging,  but  plausible,  fires  that  could  occur  in  the  building.  Each  design  fire  will  have  specified  
parameters,  such  as  heat  release  rate,  growth  rate,  fuel  source,  and  toxic  gas  produc on.  These  values  
will  be  based  on  materials  that  are  likely  to  be  in  the  building  and  published  fire  data  for  the  materials.  
These  variables  will  be  used  to  model  the  fire  outputs,  such  as  temperature,  sprinkler  ac va on   me,  
toxic  gas  concentra on,  radiant  flux,  detector  ac va on   me,  and  occupant  visibility.  The  model  outputs  
will  be  used  to  determine  the  tenability   me  for  occupants.  The  amount  of   me  that  occupants  can  
safely  egress  through  the  building  is  also  called  the  available  safe  egress   me,  or  ASET.  This  is  compared  
to  the  required  safe  egress   me,  or  RSET.  The  goal  is  for  the  available  safe  egress   me  to  exceed  the  
required  safe  egress   me.  RSET  starts  at  igni on   me  and  consists  of   me  to  detec on,   me  to  alarm  
a er  detec on,  the  premovement   me,  and  the  travel   me.  Occupants  will  not  know  to  evacuate  un l  
an  alarm  is  ac vated.  A er  this  occurs,  there  is  premovement   me  while  the  occupants  gather  
belongings  and  decide  to  evacuate.  For  a  building  like  Baker  Science,  this  is  about  1.2  minutes,  from  the  
SFPE  Handbook,  64.4.  Figure  47  shows  a  visual  comparison  of  ASET  and  RSET.   
  
Figure  47.  Comparison  of  ASET  and  RSET  for  tenability   me.  
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How  to  analyze  design  fires  
In  order  to  accurately  find  the  tenability   me  for  occupants  given  likely  fire  scenarios,  a  number  of  steps  
must  be  followed.  The  building  must  be  analyzed  to  determine  where  a  fire  is  most  likely  to  nega vely  
impact  building  egress.  This  will  be  based  on  where  occupants  are  concentrated,  and  the  paths  they  will  
take  when  evacua ng  the  building  in  case  of  an  emergency.  Considera on  must  also  be  given  to  fuels  
that  are  likely  to  be  found  in  the  building,  and  their  loca ons.  A  fire  that  occurs  in  a  building  space  that  
could  expose  egressing  occupants  to  heat,  smoke,  or  toxic  gasses  may  jus fy  a  design  fire.   
Once  the  loca on  of  the  fire  is  determined,  the  next  step  is  to  define  the  fire.  Poten al  fuel  loading  for  
the  space  must  be  found,  both  to  find  the  type  and  amount  of  fuel.  The  type  of  flammable  substance  will  
determine  the  products  of  combus on.  Both  pieces  of  data  will  be  used  to  es mate  the  heat  release  
rate,  growth  rate,  and  how  long  the  fire  will  burn.  A  plausible  igni on  source  should  be  iden fied.  Since  
fires  are  typically  low  probability,  but  high  consequence,  some  crea vity  may  be  used  when  finding  an  
igni on  source.   
PyroSim  Model  Crea on  
A  PyroSim  model  is  created  to  match  the  size  and  shape  of  the  structure.  PyroSim  is  a  program  that  
provides  the  user  with  an  interface  for  Fire  Dynamics  Simulator  (FDS),  to  make  it  easier  to  create  and  
analyze  models.  Construc on  documents  are  used  to  make  a  floor  plan  similar  to  the  space  being  
analyzed.  Walls,  floors,  and  ceilings  are  assigned  realis c  material  proper es  to  accurately  reflect  how  
heat  and  fire  would  interact  with  the  boundaries  of  the  space.  Heat  capacity,  thermal  conduc vity,  
reflec vity,  and  thickness  are  some  of  the  considera ons  when  building  the  boundaries.   
The  design  fire  must  also  be  defined  in  PyroSim.  The  loca on,  size,  and  shape  are  input  to  the  model.  
The  fire  characteris cs  such  as  growth  and  decay  rates,  maximum  heat  release  rate,  and  burn   me  are  
included  in  the  fire  informa on.  The  type  of  material  burning  is  also  specified,  along  with  products  of  
combus on.  The  products  of  combus on  will  be  used  in  later  analysis  when  finding  visibility  and  toxicity  
for  the  egressing  occupants.   
A  PyroSim  model  works  by  crea ng  a  mesh  of  imaginary  blocks  of  space  in  the  model.  Each  block  
interacts  with  the  blocks  next  to  it.  Model  outputs  such  as  air  and  smoke  flow,  temperature,  and  
radia on  are  calculated  for  each  block  of  the  mesh.  Determining  the  correct  mesh  size  is  important  for 
the  model  to  provide  accurate  outputs  in  a  reasonable  amount  of   me.  A  coarse  mesh,  with  too  few  
blocks,  will  not  provide  adequate  resolu on  for  the  model,  yielding  poten ally  inaccurate  results.  A  fine  
mesh,  with  too  many  blocks,  will  take  too  long  to  calculate  without  providing  be er  model  outputs.  FDS  
is  computa onally  intensive,  with  a  full-size  model  taking  many  hours  to  complete.  Reducing  mesh  
dimensions  by  half  doubles  the  number  of  nodes  in  the  X,  Y,  and  Z  dimensions,  dras cally  increasing  
computa on   me.  A  coarse  mesh  is  o en  used  to  test  the  model  and  provide  outputs  with  less  
calcula on   me,  and  an  adequately  fine  mesh  is  used  to  create  the  final  output  for  analysis.  Mul ple  
mesh  sizes  can  be  used  throughout  the  model.  A  finer  mesh  can  be  specified  for  areas  of  higher  ac vity  
or  interest  in  the  model.  For  example,  the  space  directly  above  the  fire  and  near  the  ceiling  where  the  
smoke  will  collect  may  jus fy  a  finer  mesh  for  the  analysis.  Air/smoke  movement  in  these  areas  will  be  
increased,  and  higher  resolu on  for  the  output  would  be  jus fied,  at  the  expense  of  a  longer  calcula on  
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 me.  Areas  farther  from  the  fire,  or  where  smoke  and  heat  effects  will  be  minimal  can  be  calculated  with  
a  more  coarse  mesh  in  order  to  reduce  calcula on   me.   
There  are  dozens  of  outputs  available  in  a  PyroSim  model.  The  ones  most  valuable  for  analyzing  ASET  are  
temperature,  visibility,  toxic  gas  concentra on,  and  radia on.  Air  flow  rate  was  also  used  in  this  report  to  
measure  required  smoke  evacua on  capability  of  the  smoke  control  system.  The  model  can  be  
programmed  to  output  points  where  relevant  data  is  measured,  as  well  as  slices  with  a  color-coded  
visual  representa on  of  a  plane  in  the  model.  Addi onally,  there  are  spreadsheets  to  show  how  a  
parameter  (such  as  temperature)  changed  over   me  at  a  given  point.  All  of  this  is  useful  when  
determining  how  long  occupants  have  to  evacuate  a  space.   
Once  the  PyroSim  model  has  been  analyzed  to  determine  how  long  occupants  have  to  safely  egress  
before  being  exposed  to  untenable  condi ons,  this  informa on  is  compared  to  the  required  safe  egress  
 me  that  was  calculated  with  the  hydraulic  egress  calcula ons.  If  the  available  safe  egress   me  is  less  
than  the  required  safe  egress   me,  the  building  does  not  provide  adequate  protec on  to  the  occupants.   
Tenability  Criteria  
A  primary  concern  for  occupants  as  they  escape  a  burning  building  is  tenability   me.  Many  factors  can  
make  a  building  untenable:  temperature,  visibility,  carbon  monoxide,  and  heat  flux.  These  are  the  
tenability  criteria  that  will  be  explored  in  this  report.  There  are  other  criteria,  such  as  different  toxic  
gasses,  but  the  analysis  methods  demonstrated  can  be  applied  to  other  tenability  measurements.  The  
SFPE  Handbook  provides  limits  for  the  tenability  criteria.  The  SFPE  Handbook  provides  tolerance   mes  
for  exposures  to  hot  air  in  Table  63.17.  For  dry  air  the  tolerance   me  is  25  minutes  for  a  temperature  of  
110°C.  Figure  63.28  shows  a  graph  of  the  temperature  limit  based  on  exposure   me  for  both  dry  and  
humid  air.  If  the  110  °C  limit  is  reached,  this  graph  can  be  used  to  determine  if  tenability  is  exceeded  for  
the  given  temperature  condi ons.  SFPE  Handbook  Table  61.3  provides  two  thresholds  for  visibility  limits,  
depending  on  the  familiarity  of  the  occupant  with  the  building.  An  occupant  familiar  with  the  building  is  
considered  to  be  capable  of  safely  escaping  a  building  with  4  m  of  visibility,  while  an  occupant  unfamiliar  
with  the  building  will  need  13  m  of  visibility  to  safely  evacuate.  For  carbon  monoxide  exposure,  a  limit  of  
30,000  ppm-min  is  considered  to  be  the  incapacita on  limit  for  light  ac vity,  from  SFPE  Handbook  Table  
63.9.  Heat  flux  exposure  is  limited  to  2.5  kW/m 2   for  exposure  greater  than  5  minutes,  as  outlined  in  Table  
63.20.  
Design  Fire  1  
The  first  design  fire  takes  place  in  the  atrium  on  the  second  floor,  which  is  the  lowest  storey  of  the  
atrium.  To  make  this  fire  more  challenging,  the  flammable  material  is  not  located  under  a  sprinklered  
ceiling,  but  closer  to  the  center  of  the  atrium  with  the  tall  ceiling  above  it.  This  is  a  fire  scenario  that  
necessitates  the  beam  smoke  detectors  that  were  installed  in  the  atrium.  With  such  a  tall  atrium,  smoke  
ven ng  and  occupant  egress  of  higher  floors  are  major  concerns.  Smoke  at  the  top  of  a  five  storey  
atrium  will  not  be  hot  enough  to  set  off  sprinklers  and  suppress  the  fire.  The  basis  of  this  design  fire  
assumes  sprinklers  do  not  locally  suppress  the  fire,  due  to  the  fact  that  the  fire  does  not  occur  directly  
under  the  sprinklered  walkway.  Since  the  fire  will  con nue  to  burn,  the  smoke  will  likely  need  to  be  
exhausted  from  the  space  to  maintain  tenability  at  the  higher  floors.  Figure  48  shows  the  loca on  of  the  
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fire  in  the  atrium.  Figure  49  indicates  the  loca on  of  the  fire  on  the  map.  Note  the  highlighted  yellow  
areas  where  the  atrium  extends  upward.   
  
Figure  48.  North  side  of  the  atrium  where  design  fire  1  occurs.  
  
Figure  49.  Loca on  of  atrium  fire  on  map.  
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A  fire  on  the  north  side  of  the  atrium  was  selected  since  the  stairway  is  exposed  on  that  side.  The  stair  
on  the  south  side  of  the  atrium  is  enclosed  and  protected  from  smoke  and  heat.  A  fire  on  the  north  part  
of  the  atrium  would  prevent  use  of  the  north  atrium  stairway  and  the  north  exit  of  the  main  lobby.  Upon  
the  fire  alarm  sounding,  occupants  of  the  building  may  see  the  smoke  in  the  atrium  and  select  exits  at  
the  ends  of  the  wings  of  the  building.  With  fewer  people  using  the  main  staircases,  the  other  exit  paths  
would  need  to  accommodate  more  people.  The  fire  could  have  been  placed  on  the  south  side  of  the  
atrium,  limi ng  egress  from  the  south  stairway  to  the  south  atrium  door,  but  then  occupants  likely  would  
have  used  the  exposed  north  stairway  for  egress.  A  fire  on  either  side  of  the  atrium  creates  unique  
egress  problems.  
The  fuel  source  of  this  design  fire  is  polyurethane  foam  decora ons  for  a  concrete  canoe.  Cal  Poly  
competes  in  concrete  canoe  design  compe  ons,  and  the  canoes  are  o en  displayed  in  buildings  on  
campus.  The  concrete  canoe  in  Figure  48  above  does  not  have  any  ar s c  addi ons,  but  Figure  50  shows  
an  example  of  a  canoe  with  foam  on  the  supports.  For  the  purpose  of  this  design  fire,  the  canoe  and  
foam  artwork  are  illuminated  with  lights  for  display.  The  igni on  source  for  the  fire  would  be  a  failure  of  
the  lights,  se ng  the  foam  on  fire.   
  
Figure  50.  Example  of  a  concrete  canoe  with  foam  decora ons.  
The  foam  burns  as  an  αt 2   fire  with  a  growth  constant  of  α g =0.052  kW/s 
2 ,  a  fast  burning  fire.  The  SFPE  
Handbook  Table  38.2  lists  growth   mes  for  various  fuels  to  reach  1000  kW,  and  classifies  the  growth  as  
slow,  medium,  fast,  or  ultra-fast.  The  fast  fire  growth  rate  applies  to  cartons  on  pallets  and  some  
furniture,  and  has  an  equivalent  growth  constant  of  α g =0.044  kW/s 
2 .  “Heat  Release  Rates  of  Burning  
Items  in  Fires”  by  Kim  and  Lilley  gives  growth  constants  and  maximum  heat  release  rates  for  numerous  
types  of  foam  furniture.  The  values  vary  greatly  ,  but  many  of  them  are  in  the  range  of  a  fast  growth  fire.  
A  growth  constant  slightly  faster  than  a  fast  growth  fire  was  selected  to  ensure  a  challenging  design  fire.  
A  chair  would  be  approximately  the  same  size  as  the  foam  bases  of  the  canoe,  so  the  heat  release  rate  
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was  set  to  be  similar  to  the  burning  chairs  listed  by  Kim  and  Lilley.  The  maximum  heat  release  rate  is  
1500  kW,  achieved  a er  170  s  of  fire  growth.  A  graph  of  heat  release  vs   me  is  shown  in  Figure  51.  
  
Figure  51.  Heat  release  rate  of  polyurethane  foam  vs   me. 
Floors  three  through  six  all  have  walkways  that  overlook  the  atrium  on  both  sides.  Each  side  of  the  
atrium  has  a  raised  ceiling  sec on  for  smoke  to  accumulate  prior  to  the  smoke  ven ng.  Figure  52  shows  
the  high  ceiling  of  the  atrium  with  the  smoke  ven ng  area  outlined  in  red.  
  
Figure  52.  Smoke  extrac on  system,  highlighted  in  red.  
As  the  fire  burns,  the  plume  will  rise  to  the  ceiling,  expanding  as  it  does  so.  Once  it  reaches  the  ceiling,  
the  smoke  layer  will  begin  to  lower  as  smoke  fills  the  highest  sec ons  of  the  roof.  In  order  to  prevent  
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smoke  from  filling  the  atrium  of  the  higher  floors,  smoke  must  be  vented  from  the  building.  To  ensure  
the  smoke  layer  does  not  con nue  to  lower  to  the  level  where  people  would  be,  the  same  amount  of  
smoke  that  is  produced  would  need  to  be  vented.  There  are  three  common  methods  to  calculate  the  
volume  of  smoke  produced  by  the  fire:  Zukoski,  Heskestad,  and  McCaffrey.  The  Heskestad  method  uses  a  
virtual  origin  based  on  the  size  of  the  fuel  being  burned.  For  this  design  fire  the  fuel  is  1  m  in  diameter.  
This  virtual  origin  simulates  if  the  fuel  were  at  a  point  above  or  below  the  floor,  depending  on  the  size  of  
the  fuel.  For  this  design  fire,  the  virtual  origin  is  approximately  0.5  m  above  the  floor.  A  larger  fire  would  
yield  a  virtual  origin  below  ground  level.  The  smoke  extrac on  required  by  the  three  methods  is  
summarized  in  Table  4.  Detailed  calcula ons  are  provided  in  Appendix  F.  Makeup  air  must  also  be  
supplied  in  order  for  the  smoke  to  be  exhausted.  This  is  accomplished  with  motorized  door  openers  that  
open  the  atrium  doors  when  the  smoke  control  system  is  ac vated.  With  two  pairs  of  double  doors  at  
the  north  and  south  ends  of  the  atrium,  makeup  air  will  not  limit  the  rate  of  smoke  evacua on.   
Table  4.  Required  smoke  extrac on  for  three  methods.  
This  design  fire  was  deliberately  located  away  from  sprinklers  that  would  effec vely  suppress  the  fire.  
This  was  to  provide  a  challenging  fire  that  could  test  the  capabili es  of  the  smoke  control  system.  A  fire  
such  as  this  would  need  to  be  ex nguished  by  emergency  response  crews  or  allowed  to  burn  out  on  its  
own.  While  there  are  sprinklers  at  the  top  of  the  atrium  (seen  in  Figure  52  above),  the  smoke  at  the  high  
ceiling  will  not  reach  the  155°C  required  to  ac vate  them.  The  smoke  control  system  can  be  ac vated  by  
a  waterflow  switch  for  sprinklers  in  the  atrium,  a  manual  pull  sta on  in  the  atrium,  or  a  beam  smoke  
detector  in  the  atrium.  Of  these  methods,  the  beam  detectors  are  the  most  likely  to  be  ac vated  for  this  
design  fire.  
Beam  detector  ac va on  can  be  es mated  with  calculated  smoke  output  and  beam  detector  setpoint.  
The  Xtralis  beam  detectors  are  set  to  trip  at  25%  light  obscura on.  The  Lambert-Beer  Law  is  used  to  
correlate  light  a enua on  to  smoke  mass  concentra on  (equa on  below).  Once  enough  smoke  is  
present  to  notably  diminish  light  received  from  the  detector  source,  the  alarm  is  ac vated.   
 IO
IT = e κCL−  
Where  I O   is  ini al  light  intensity,  I T   is  final  light  intensity,  κ  is  smoke  ex nc on  coefficient,  C  is  smoke  mass  
concentra on,  and  L  is  op cal  length.  The  25%  smoke  obscura on  is  the  ra o  of  final  light  intensity  to  
ini al  light  intensity.  Using  a  common  smoke  ex nc on  coefficient  and  op cal  length,  the  smoke  mass  
concentra on  can  be  calculated.  Itera on  is  used  to  determine  smoke  density  at  different   mes  during  
the  burning  of  the  fire.  According  to  the  calcula on,  the  alarm  is  tripped  at  210  s,  at  which  point  the  
smoke  vents  and  exterior  atrium  doors  would  open  to  remove  smoke  from  the  space  and  supply  makeup  
air.  The  Lambert-Beer  calcula on  does  not  align  very  closely  with  the  PyroSim  model.  This  is  likely  due  to  
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the  calcula on  taking  place  where  smoke  collects  at  the  top,  while  the  PyroSim  model  is  tripped  by  a  
lower  beam  detector  that  passes  through  the  smoke  plume,  reaching  the  alarm  setpoint  sooner.  
The  required  safe   me  egress  for  the  atrium  and  design  fire  1  is  10.81  minutes.  This  consists  of  58  
seconds  un l  a  beam  smoke  detector  on  the  sixth  floor  alarms  in  PyroSim,  1.2  minutes  pre-movement  
 me  from  the  SFPE  Handbook,  and  8.66  minutes  for  the  atrium  to  be  fully  evacuated  once  occupants  
begin  moving  from  the  egress  calcula ons.  This  egress  model  assumes  occupants  egress  through  the  
same  sec on  of  the  building  that  they  start  in.  The  en re  building  will  take  longer  to  evacuate,  15.77  
minutes  from   me  of  igni on.  The  occupants  in  the  east  and  west  wings  do  not  have  direct  exposure  to  
the  smoke  or  fire,  and  are  afforded  more   me  to  escape.   
Tenability  
Due  to  the  high  ceiling  and  large  volume,  the  plume  temperatures  in  occupied  spaces  never  exceed  
tenability  condi ons.  Figure  53  below  shows  a  cut  sec on  from  PyroSim  with  temperature  at  the  6th  
floor,  where  the  highest  temperatures  are  experienced.  The  temperature  never  exceeds  that  of  a  warm  
day  and  will  not  have  an  effect  of  tenability.  
  
Figure  53.  Temperature  on  the  sixth  floor.  
Visibility  is  another  concern  for  this  sort  of  fire.  The  smoke  plume  extends  up  to  the  upper  floors,  
obscuring  occupant  vision.  Thes  SFPE  Handbook  provides  a  minimum  visibility  limit  of  4  m  for  occupants  
familiar  with  the  building,  and  a  limit  of  13  m  for  occupants  not  familiar  with  the  building.  Figure  54  
below  shows  when  visibility  limits  are  exceeded  for  both  13  m  and  4  m,  which  occur  at  burn   me  of  94  s  
and  190  s,  respec vely.  Note  that  igni on  happens  10  s  into  the  simula on,  so   mestamps  in  the  images  
are  not  aligned  with  burn   me.  With  58  s  un l  alarm  ac va on,  and  1.2  minutes  of  premovement   me,  
this  does  not  provide  enough  egress   me  for  occupants  of  the  upper  floors  to  leave  without  losing  
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visibility.  The  sixth  floor  requires  3.96  min  of  tenable  condi ons  to  get  into  the  stairwell,  and  this  is  not  
achieved  near  the  offices  on  the  north  side.  
  
Figure  54.  PyroSim  visibility  plots,  13  m  (le )  and  4  m  (right).  
Another  concern  for  occupants  trying  to  evacuate  the  building  is  toxic  gas  inhala on.  Carbon  monoxide  
is  a  common  product  of  combus on,  and  prolonged  exposure  can  incapacitate  a  person,  preven ng  
them  from  safely  leaving  the  building.   
Haber’s  Rule  was  used  to  determine  CO  tenability.  Haber’s  Rule  is  a  guideline  that  provides  a  limit  for  the  
product  of  concentra on  of  a  toxin  and   me  of  exposure.  Since  carbon  monoxide  builds  up  in  a  person’s  
blood,  and  takes  hours  to  recover  from,  this  rule  assumes  a  short  exposure   me.  A  person  is  es mated  
to  be  incapacitated  at  30,000  ppm-min  CO.  From  the  PyroSim  model,  the  highest  concentra on  of  CO  for  
this  design  fire  is  40  ppm.  Figure  55  shows  a  slice  file  at  head  height  on  the  sixth  floor.  Concentra on  is  
highest  in  the  plume  directly  above  the  fire,  and  lower  on  the  walkway  where  occupants  would  
evacuate.  The  longest  egress  in  the  building  is  less  than  20  minutes,  so  the  worst  exposure  is  800  ppm  
min,  far  below  the  level  required  for  incapacita on.  The  carbon  monoxide  concentra on  takes   me  to  
build  up  to  40  ppm,  but  this  conserva ve  calcula on  illustrates  that  the  CO  limit  is  never  approached.  
Tenability  is  not  limited  by  CO.  
The  method  of  using  Haber’s  Rule  for  es ma ng  tenability   me  based  on  toxic  gas  concentra on  can  be  
used  for  other  toxic  combus on  products.  Each  toxic  gas  will  have  a  short  term  exposure  limit,  measured  
in  ppm-min,  that  should  not  be  exceeded.  The  combus on  output  of  each  toxic  gas  can  be  programmed  
into  PyroSim,  and  slice  files  or  gas  detectors  can  be  placed  in  the  model  to  measure  the  gas  




Figure  55.  Sixth  floor  slice  file  with  carbon  monoxide  concentra on.  
Radiant  heat  flux  is  another  factor  that  could  prevent  safe  egress  of  occupants.  A  limit  of  2.5  kW/m 2   is  
provided  as  an  upper  limit  for  safe  egress  of  occupants.  Mul ple  heat  flux  detectors  were  placed  
throughout  the  Baker  Science  building  to  see  where  heat  flux  was  the  most  limi ng.  The  highest  heat  
flux  experienced  at  head  level  in  the  building  occurred  on  the  sixth  floor,  which  aligns  with  the  results  of  
the  previously  discussed  poten ally  limi ng  factors.  As  the  fire  plume  rises  to  the  ceiling,  the  smoke,  
heat,  and  combus on  products  spread  out  and  begin  to  fill  the  sixth  floor.  Figure  56  shows  a  graph  of  
radiant  heat  flux  over   me  at  the  highest  measured  spot  on  the  sixth  floor.  The  baseline  value  is  greater  
than  zero  since  the  building  and  all  objects  in  it  radiate  heat  due  to  being  above  absolute  zero.  The  heat  
flux  experienced  by  an  occupant  is  less  than  0.50  kW/m 2 .  This  is  below  the  limit  of  2.5  kW/m 2 ,  and  half  
of  what  is  experienced  outside  on  a  sunny  day,  about  1.0  kW/m 2 .  Radiant  heat  flux  is  not  a  limi ng  factor  




Figure  56.  Radiant  heat  flux  over   me.  
The  Baker  Science  building  was  unable  to  provide  adequate  safe  egress   me  for  occupants  on  the  sixth  
floor  in  regards  to  visibility.  All  other  tenability  factors  did  not  approach  limi ng  factors.  Visibility  would  
be  improved  with  an  adequately-sized  smoke  control  system.  The  smoke  control  system  is  not  likely  to  be  
replaced,  but  there  are  other  op ons  to  improve  egress  of  occupants  when  exposed  to  smoke.  
Addi onal  illuminated  signs  could  be  installed  every  2  m  in  the  egress  path  from  the  sixth  floor  offices,  
meaning  occupants  would  not  require  a  full  4  m  of  visibility. 
Another  op on  would  be  to  paint  lines  with  egress  direc ons  on  the  floor  to  guide  occupants  to  safety.  A  
person  could  look  at  the  ground  2  m  ahead  and  safely  follow  the  lines  to  safety.  In  this  case  visibility  
could  be  reduced  to  2  m,  which  would  not  be  exceeded  in  the  egress   me.  
Design  Fire  2  
The  second  design  fire  takes  place  in  the  lobby  of  the  first  floor,  outside  the  large  auditorium.  Figures  57  
and  54  show  the  loca on  of  design  fire  2  in  the  lobby  outside  the  auditorium.  The  entrance  of  the  lobby  
has  a  tall  ceiling  that  extends  up  to  be  even  with  the  ceiling  of  the  third  floor.  In  the  event  of  a  fire,  this  
space  would  collect  smoke  from  below.  The  red  outline  in  Figure  58  indicates  the  shape  of  the  ceiling  
above  the  lobby  that  can  collect  smoke.  The  area  of  this  space  is  approximately  68  m 2 .  The  two  zone  
model  can  be  used  to  calculate  the   me  the  fire  takes  to  fill  the  space  with  smoke  to  the  level  of  the  




Figure  57.  Loca on  of  fire  outside  auditorium.  
  
Figure  58.  Loca on  of  lobby  fire  on  first  floor.  
A  fire  outside  the  first  floor  auditorium  creates  a  number  of  unique  problems.  The  auditorium  has  fixed  
sea ng,  and  is  the  room  in  this  building  most  likely  to  have  occupants  unfamiliar  with  the  layout.  Also,  
the  density  of  occupants  is  the  greatest  in  the  building.  This  means  egress  will  not  be  as  efficient  as  other  
spaces  in  the  building.  The  high  ceiling  in  the  space  would  delay  the   me  to  ac va on  for  the  sprinklers,  
allowing  the  fire  to  grow  larger  than  it  would  in  a  space  with  a  lower  ceiling.   
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The  fuel  source  of  this  design  fire  is  a  large  couch.  California  Technical  Bulle n  133  (TB  133)  provides  
limits  for  the  maximum  heat  release  rate  and  total  energy  released  in  the  first  ten  minutes  for  
upholstered  furniture  in  public  spaces.  The  limits  are  a  maximum  heat  release  rate  of  80  kW  and  total  
energy  release  in  the  first  ten  minutes  of  25  MJ.  However,  this  technical  bulle n  has  been  repealed,  
meaning  public  buildings  in  California  no  longer  need  to  use  TB  133  compliant  furniture.  For  this  design  
fire,  a  non-TB  133  couch  is  placed  on  the  first  floor,  next  to  the  auditorium.  The  couch  burns  as  an  αt 2   fire  
with  a  growth  constant  of  α g =0.05  kW/s 
2 ,  a  fast  burning  fire.  The  maximum  heat  release  rate  is  3000  kW.  
This  heat  release  rate  is  significantly  higher  than  what  would  be  allowed  by  TB  133  compliant  furniture  
and  cons tutes  a  worst-case  scenario.  The  couch  is  ignited  by  a  laptop  placed  on  the  couch  cushion  
while  the  owner  steps  away  for  some   me.  The  laptop  fan  is  blocked,  allowing  heat  to  build  up  and  
eventually  start  a  fire.   
The  values  for  growth  constant  and  heat  release  rate  were  taken  from  “Heat  Release  Rates  of  Burning  
Items  in  Fires”  by  Kim  and  Lilley.  The  fuel  source  specified  for  this  fire  would  reach  maximum  heat  
release  rate  at  just  over  four  minutes  (245  s).  The  couch  maintains  3  MW  for  one  minute,  then  decays  to  
nothing  at  just  under  ten  minutes.  A  decay  constant  of  α d =0.04  kW/s 
2 .  A  graph  of  heat  release  vs   me  is  
shown  in  Figure  59.  
  
Figure  59.  HRR  of  foam  couch  (loveseat)  vs   me.  
There  are  other  exits  for  this  floor  of  the  building,  but  a  majority  of  people  only  use  the  three  double  
doors  at  the  front.  With  a  fire  in  the  main  lobby,  these  doors  could  be  compromised,  pushing  people  to  
unfamiliar  exits.  Figure  60  shows  a  ground-level  view  of  the  fire  loca on,  along  with  a  visual  of  how  
smoke  would  fill  the  ceiling  space.  Note  that  the  flame  is  used  to  represent  the  fuel  source,  the  art  on  




Figure  60.  Loca on  of  design  fire  3  and  ceiling  area  that  smoke  would  fill.  
While  the  couch  burns,  smoke  will  collect  in  the  space  above  the  lobby,  which  is  three  stories  tall.  A  
hallway  in  the  third  floor  of  the  building  has  windows  that  overlook  the  first  floor  lobby,  as  shown  in  
Figure  61,  note  the  sprinklers  above  the  first  floor  lobby.   
  
Figure  61.  Third  floor  overlooks  the  first  floor  lobby.  
The  space  with  the  red  outline  has  an  area  of  about  68  m 2 ,  yielding  a  volume  of  788  m 3   un l  smoke  
extends  to  the  rest  of  the  first  floor  with  the  shorter  ceiling.  The  por on  of  the  ceiling  even  with  the  
second  and  third  floors  will  fill  up  with  smoke  in  85  s  given  the  constraints  of  this  design  fire.  This  is  
calculated  using  the  two  zone  model,  based  on  the  smoke  output  of  the  fire.  As  the  αt 2   fire  grows,  the  
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smoke  output  also  grows.  An  itera ve  model  can  calculate  the  mass  and  temperature  of  smoke  
produced.  My  model  used  5  s  increments  for  itera on,  and  calculated  power,  mass  of  entrained  air,  
smoke  temperature,  smoke  density,  mass  of  collected  smoke,  and  height  of  smoke.  Each  of  these  pieces  
of  data  is  calculated  in  5  s  increments.   
The  PyroSim  model  es mates  that  the  fire  sets  off  a  sprinkler  at  142  s,  triggering  alarm  and  beginning  
pre-movement   me,  which  again  is  es mated  at  1.2  min.  The  egress   me  for  the  first  floor  a er  
movement  is  started   is  5.07  minutes,  giving  a  total  egress   me  of  8.64  minutes  from  the  moment  of  
igni on.   
Tenability  
The  first  factor  to  be  considered  for  tenability  is  temperature.  For  design  fire  2,  occupants  in  the  
auditorium  will  exit  through  doors  that  pass  near  the  fuel  source.  Since  the  doors  are  not  blocked  by  the  
fuel  source,  people  will  be  able  to  exit  into  the  lobby,  and  through  the  doors  to  get  outside  to  safety.  The  
temperature  limit  for  egressing  occupants  is  110°C,  with  a  limit  of  25  minutes.  This  limit  is  intermi ently  
reached  at  head  height  near  one  of  the  lobby  doors.  115°C  is  never  reached  at  head  height,  and  Figure  
63.28  from  the  SFPE  Handbook  shows  that  people  can  be  exposed  to  that  temperature  in  humid  air  for  8  
minutes,  longer  than  it  takes  to  egress  the  first  floor.  Tenability  is  not  exceeded  based  on  temperature  
exposure.  Figure  62  shows  a  temperature  slice  file  for  the  first  floor  of  Baker  Science.  No ce  the  small  
black  band  where  temperature  slightly  exceeds  the  110°C  limit.  
  
Figure  62.  Temperature  plot  of  first  floor  lobby.  
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Visibility  is  also  a  primary  concern  for  occupants  trying  to  evacuate  a  burning  building.  The  visibility  
limits  for  this  fire  should  be  at  13  m  since  the  large  auditorium  near  the  lobby  is  likely  to  be  filled  with  
occupants  who  are  unfamiliar  with  the  building.  The  4  m  visibility  limit  for  the  offices  on  the  sixth  floor  
was  jus fied  since  each  office  is  assigned  to  a  staff  member.  A  fixed  sea ng  auditorium  will  frequently  be  
used  by  people  unfamiliar  with  the  building.  Visibility  drops  below  13  meters  120  s  a er  igni on,  before  
any  of  the  sprinklers  even  ac vate.  This  is  par ally  due  to  the  high  ceiling  allowing  the  smoke  plume  to  
entrain  cooler  air  before  reaching  the  sprinklers,  delaying  ac va on.  Figure  63  is  a  slice  file  of  visibility  at  
head  height  in  the  lobby.  
  
Figure  63.  Lobby  visibility  at  120  s  a er  igni on.  
If  the  ceiling  con nues  to  fill  up  with  smoke,  68.3°C  will  be  reached  155  s  a er  the  fire  starts,  ac va ng  
the  sprinklers.  It  is  likely  that  all  of  the  sprinklers  would  ac vate  within  a  short  period  of   me,  unlike  a  
fire  with  a  smoke  jet  crossing  a  single  sprinkler.  This  is  due  to  the  fact  that  the  en re  space  fills  up  with  
smoke  at  once,  surrounding  all  sprinklers.  With  all  sprinklers  ac vated,  the  couch  would  be  unlikely  to  
reach  its  maximum  heat  release  rate.   
With  building  occupants  evacua ng  through  the  room  where  the  fire  occurs,  exposure  to  toxic  gasses  is  a  
concern.  Carbon  monoxide  begins  to  build  up  in  the  lobby  as  the  fire  burns.  To  calculate  the  
accumulated  exposure  occupants  would  experience  during  egress  Haber’s  rule  was  used  again.  A  device  
was  placed  in  the  PyroSim  model  to  measure  CO  concentra on.  A er  the  model  was  complete,  the  
output  file  with  CO  concentra on  was  used  to  calculate  the  incremental  exposure  to  CO  by  mul plying  
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the  concentra on  at  a   me  by  the   me  step.  These  products  were  sequen ally  added,  then  graphed  on  
a  plot  with   me  as  the  X  axis.  This  graph  is  shown  in  Figure  64.  It  indicates  that  carbon  monoxide  
exposure  gradually  increases  shortly  a er  200  s.  As  the  CO  concentra on  stabilizes  around  400  s,  the  
graph  increases  linearly.  Sixteen  minutes  into  the  model,  the  calculated  concentra on  of  CO  is  s ll  below  
8000  ppm-min.  This  is  far  below  the  limit  of  30,000  ppm-min  CO.  Carbon  monoxide  concentra on  does  
not  limit  tenability  for  this  design  fire.  
  
Figure  64.  Accumulated  carbon  monoxide  in  first  floor  lobby  vs   me.  
Radiant  heat  flux  is  another  factor  that  could  prevent  safe  egress  of  occupants.  A  limit  of  2.5  kW/m 2   is  
provided  as  an  upper  limit  for  safe  egress  of  occupants.  As  in  design  fire  1,  mul ple  heat  flux  detectors  
were  placed  throughout  the  first  floor  lobby  to  see  where  heat  flux  was  the  most  limi ng.  The  part  of  
the  lobby  exposed  to  the  highest  heat  flux  at  head  level  was  near  the  fuel  source.  This  is  logical  since  the  
detector  would  receive  heat  flux  from  the  hot  gasses  at  the  ceiling  as  well  as  the  plume  rising  from  the  
burning  fuel.  Figure  65  shows  a  graph  of  radiant  heat  flux  over   me.  The  heat  flux  experienced  by  an  
occupant  is  less  than  0.85  kW/m 2 .  Again,  this  is  below  the  limit  of  2.5  kW/m 2 .  Radiant  heat  flux  is  not  a  




Figure  65.  Radia ve  heat  flux  vs   me  in  first  floor  lobby.  
The  egress  for  the  first  floor  of  Baker  Science  is  mostly  separated  from  the  egress  of  the  rest  of  the  
building.  The   me  to  evacuate  the  first  floor  when  at  full  capacity  is  7.22  minutes.  
Other  Possible  Design  Fires  
Other  fires  were  also  considered  for  this  report.  The  mechanical/electrical  room  on  the  first  floor  would  
be  of  concern  due  to  the  value  of  equipment  and  the  higher  probability  of  a  fire  in  the  space.  This  design  
fire  was  ul mately  not  selected  due  to  the  low  occupancy  of  a  machinery  space,  and  the  fire  ra ng  of  
the  room  would  likely  prevent  the  fire  from  spreading.  Like  the  mechanical  space  on  the  first  floor,  the  
equipment  on  the  roof  could  also  catch  fire.  This  fire  was  not  selected  for  the  same  reason  as  the  
machinery  room  fire.  Baker  Science  also  has  chemical  storage  rooms  to  supply  the  chemistry  labs.  While  
a  fire  in  a  chemical  storage  room  could  grow  quickly,  egress  from  the  storage  room  would  be  nearly  
immediate,  providing  less  of  a  risk  to  life  safety.   
Recommenda ons  
The  Baker  Science  Center  has  room  for  improvement  in  its  design.  The  smoke  ven ng  is  not  adequate  to  
maintain  visibility  for  the  design  fire  inves gated  in  the  atrium.  Larger  vents,  or  a  greater  number  of  
them  could  possibly  improve  this.  Another  op on  would  be  to  install  a  powered  smoke  control  system  
with  fans  rated  at  an  adequate  capacity.  
The  design  fire  outside  the  auditorium  on  the  first  floor  created  untenable  visibility  condi ons  before  
egress  could  be  completed.  This  creates  an  especially  high  danger  in  a  space  that  is  likely  to  be  occupied  
by  people  unfamiliar  with  the  building.  Since  both  of  the  auditorium  exits  lead  to  the  lobby,  this  creates  
a  danger  if  a  fire  occurs  in  the  lobby.  One  possible  method  to  increase  visibility  in  the  lobby  would  be  to  
66  
  
configure  the  lobby  night  purge  func on  to  a  smoke  ven ng  system,  similar  to  the  smoke  ven ng  in  the  
atrium.  Another  solu on  to  this  is  to  install  an  addi onal  egress  door  in  the  auditorium,  one  that  does  
not  force  occupants  into  a  smoke-filled  lobby.  It  could  either  egress  occupants  into  the  stairwell  to  the  
east,  or  directly  to  the  outside  to  the  west.  Possible  loca ons  for  the  addi onal  exits  are  shown  in  Figure  
66.  
  
Figure  66.  Suggested  loca ons  for  addi onal  exits  from  first  floor  auditorium.  
This  building  is  built  with  fire  rated  walls  separa ng  the  atrium  from  the  east  and  west  wings.  To  
decrease  the  egress   me  for  one  area  of  the  building,  voice  messages  could  direct  occupants  out  of  and  
away  from  the  sec on  of  the  building  where  a  fire  occurs.  The  current  fire  alarm  system  does  not  u lize  
horizontal  exits,  but  this  could  easily  be  implemented  to  increase  evacua on  speed.   
Conclusion  
Baker  Science  was  intended  to  meet  the  needs  of  a  growing,  modern  campus.  This  building  achieves  
these  goals  by  providing  a  variety  of  uses,  including  laboratories,  offices,  study  areas,  and  assembly  
spaces.  This  building  design  has  a  few  unique  design  considera ons,  such  as  a  five  storey  atrium  and  a  
smoke  control  system.   
The  life  safety  design  is  capable  of  evacua ng  the  maximum  rated  building  capacity  of  2848  occupants  in  
13.62  minutes  a er  egress  has  started.  The  13.62  minutes  is  for  the  east  wing,  while  the  west  wing  
would  only  need  10.04  minutes,  and  the  atrium  would  take  8.66  minutes.  Fire  suppression  is  supplied  
from  a  city  water  loop  and  pressurized  with  a  fire  pump  capable  of  supplying  the  most  remote  sprinkler  
design  area  with  347  gpm  pressurized  to  117  gpm  at  the  pump  discharge.  The  en re  building  is  
protected  with  K-5.6  quick  response  sprinklers  that  would  ac vate  the  fire  alarm  system  in  the  event  of  a  
fire.  The  fire  alarm  and  voice  no fica on  system  alerts  the  occupants  and  emergency  personnel  when  a  
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fire  occurs.  Fire  detec on  is  provided  throughout  the  building  with  sprinklers,  heat  detectors,  beam  
smoke  detectors,  and  spot  smoke  detectors.  The  building’s  type  1B  construc on  and  sprinkler  system  
allows  it  to  be  six  storeys  tall  with  more  than  44,000    2   on  some  floors.   
The  performance  based  design  analysis  for  Baker  Science  revealed  shortcomings  that  were  not  apparent  
based  on  the  prescrip ve  design.  The  egress  capabili es  of  the  building  were  adequate  from  a  code  
standpoint,  but  the  visibility  was  reduced  prior  to  a  full  evacua on  for  both  of  the  design  fires  selected.  
The  atrium  fire  produced  smoke  that  limited  ASET  for  the  sixth  floor  to  3.23  min,  based  on  4  m  minimum  
visibility.  This  is  inadequate  compared  to  the  RSET  of  3.96  min  for  that  storey.  The  recommenda on  to  
improve  this  problem  is  to  increase  smoke  extrac on  in  the  atrium.  The  lobby  fire  exceeded  the  visibility  
limit  of  13  m,  yielding  an  ASET  of  2.00  min,  far  less  than  the  RSET  of  8.64  min  for  the  first  floor.  The  way  
to  solve  this  issue  is  to  install  addi onal  exits  in  the  auditorium.  The  lesson  is  to  consider  possible  fire  
scenarios  during  building  design,  in  order  to  an cipate  deficiencies  overlooked  by  applica on  of  the  
code.  Viewing  a  building  as  a  whole,  and  not  just  a  sum  of  different  design  disciplines,  will  allow  an  
engineer  to  produce  a  superior  design.  
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Appendix  B  
Example  hydraulic  egress  calcula on,  Atrium  3rd  floor  
Density  in  egress  route  
 .168D = A
P = 920 f t2
155 people = 0 f t 2
people  
 ensity,D = d  f t2
people  
 rea, f tA = a  2  
 umber of  peopleP = n  
  
Speed  of  occupants  in  egress  route  
 kD 75 .86 75 .168 42.5 f t min  S = k − a = 2 − 2 * 2 * 0 = 1 /  
  75 for f lat corridork 1 = 2  
 .86a = 2  
  
Time  to  travel  egress  route  to  door  
 .82 mint = dS =
117
142.5 = 0  
  
Specific  flow,  corridor  
 1 D)kD  F s = ( − a
 1 .86 75) 275 .168 4.0 person (min f t)  F s = ( − 2 * 2 * 0 = 2 /  
  
Calculated  flow,  corridor  
 1 D)kDW 1 .86 .168) 275 .168 68.0 person min  F c, corridor = ( − a e = ( − 2 * 0 * 0 * 7 = 1 /  
  
Specific  flow,  door  
 4.0 person (min f t)F s, door = W e, door
F Ws, corridor e, corridor = 2
168.0 7* = 8 /  
Use  from  Table  59.5  4 person (min f t)  F sm = 2 /
  
Flow  rate,  door  
 W 4 .0 8.0 person min  F c, door = F s, door e, door = 2 * 2 = 4 /  
  
Queuing  rate  
 68 8 20 people min  Qdoor = F c, corridor − F c, door = 1 − 4 = 1 /  
  
Specific  flow,  stair  
 5.0 per (min f t)F s, stair = W e, stair
F Ws, door e, door = 3.2
48.0 2.0* = 1 /  
From  Table  59.5,    a er  stair  flows  merge  8.5 persons (min f t)  F s = 1 /
  
  
Flow  rate,  stair  
 W 5.0 .2 8.0 person min  F c, stair = F s, stair e, stair = 1 * 3 = 4 /  
  
Stair  density  
From  Figure  59.8,   .98 persons f t  Dstair = 0 / 2  
  
Stair  speed  
 kD  S = k − a
 12 .86 12 .098 52.5 f t min  S = 2 − 2 * 2 * 0 = 1 /  
  12 for 7 11 stairs  k 1 = 2 /  
  
Stair  travel   me  




152.5 = 0  
  
People  in  stair  
 8.0 .33 6 peopleP stair = F c, stair * tstair to next f loor = 4 * 0 = 1  
  
Flow  rate,  door  
 W 4 8.0 person min  F c, door = F s, door e, door = 2 * 2 = 4 /  
  
People  queued  at  door  
 55 6 39 people  P queued = P f loor − P stair = 1 − 1 = 1
  
Time  to  egress  previous  floor  
 .85 mintegress previous f loor = 4  
  
Time  to  egress  queued 
 .90 mintegress queued = P queued
F c, door = 139
48.0 = 2  
  
Time  to  evacuate  floor  
 .90 .85 .33 .08 mintevacuate f loor = tegress queued + tegress previous f loor + tstair to next f loor = 2 + 4 + 0 = 8  
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Field Adjustable Pressure
Reducing (URFA)
Elkhart’s URFA valve is a true pressure reducing valve, operated automatically by inner hydraulic
controls. While the valves are preset at the factory, they are field adjustable — allowing you to tailor
the pressure to your needs. They feature manual valve open and close, as well as pressure adjustment
— all of which require extremely low torque to change due to the patent pending design. Inlet
pressure up to 400 psi (27.58 bar) is controlled under all flow and no-flow conditions.
Valve size and weight permit installation in significantly tighter areas and smaller hose cabinets
(those used for 11/2" or 2 1/2" valves) — allowing savings of both space and money. The URFA also
functions as a floor control valve in automatic sprinkler systems as well as a standpipe valve or hose
valve for Class I and Class III systems.
FIELD ADJUSTABLE PRESSURE REDUCING
















INLET OUTLET TYPE CERT.SIZE SIZES DIMENSIONS (INCHES) FINISH
21/2"
F 2
1/2" UL Closed Open
C D E F
Brass Chrome Wt.
NPT* F (NPT)* M(NHT) Listed A B A B Cast Pol Pol (Lbs.) MODEL
• • • • 135/8 115/8 141/4 121/4 25/8 31/4 5  41/4 o s o o 181/2 URFA-20-2.5 1
• • • • 135/8 115/8 141/4 121/4 25/8 35/8 5   41/4 o s o o 181/2 URFA-25-2.5 2
























• Valve inlet information is NPT unless otherwise
specified. Special threads available through adapter use.
• See index T-12 for alternative outlet thread options.
KEY     s = standard o = option
















Fig .  1
Fig .  2























• Manual open-close requires less than 15 lbs.
of torque
• Pressure rated up to 400 psi (27.58 bar)
• Flow rated up to 500 gpm (1893 lpm)
• Open-Close indication from 2 view directions
• Color-coded pressure reduction label
• Tapped for pressure gauge on both inlet and
outlet side of valve
• Tamper-resistant protection
• UL Listed as a check valve for use in dual riser
systems
• Optional integral supervisory switch (alarm)
mounts directly to valve with no bracket
required
• Optional integral supervisory switch (alarm) is
available either “OPEN TO SIGNAL” or “CLOSE
TO SIGNAL”
– With the valve in the open position, to
close an electrical circuit and send the
signal is defined as “OPEN TO SIGNAL”
– With the valve in the closed position, to
close an electrical circuit and send a
signal is defined as “CLOSE TO SIGNAL”
FIELD ADJUSTABLE PRESSURE REDUCING





























INSTALLATION AND OPERATING INSTRUCTIONS FOR 














(URFA-20-2.5 MODEL SHOWN) 
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• Pressure rated up to 400 psi. 
• Flow rated up to 500 GPM 
• Open-Close indication from 2 view directions 
• Pressure reduction can be field adjusted 
• Pressure reduction adjustment can be easily determined by indication label 
• Pressure reduction adjustment has tamper resistant feature 
• Low-torque manual close handwheel 
• Built-in automatic check valve 
• Regulates pressure under both flow and no-flow conditions 
• Tapped for pressure gauge on both inlet and outlet side of valve 
• Optional integral supervisory switch (For Indoor Use Only) 
 
 
INLET – OUTLET CONNECTIONS 
 
VALVE MODEL INLET THREAD OUTLET THREAD 
URFA-20-2.5 2-1/2" FEMALE NPT 2-1/2" FEMALE NPT 
URFA-20S-2.5 2-1/2" FEMALE NPT 2-1/2" FEMALE NPT 




A. AUTOMATIC SPRINKLER SYSTEMS 
 
The models URFA-20S-2.5 and URFA-20-2.5 valves are most commonly used in automatic 
sprinkler systems as floor control valves in high-rise buildings where supply riser pressures 
exceed 175 psi.  The URFA valves are Listed by Underwriters Laboratories as “Special System 
Water Control Valves – Pressure Reducing and Pressure Control Type (VLMT)”, and also 
meet the listing requirements for indicating valves.  Installation requirements for pressure 
reducing valves in automatic sprinkler systems are given in Section 4-6.1.2 of NFPA 13, 
Standard for the installation of Sprinkler Systems, 1999 Edition.  When designing URFA 
pressure reducing valves into a sprinkler system a maximum flow rate of 400 GPM should be 
observed. 
 
URFA Pressure Reducing Valves are also listed as  checking devices, which eliminates the 
need for a separate check valve.  When sprinklers on a given floor are fed from dual risers, the 
URFA valve acts as a check valve to prevent loss of sprinkler water supply in the event of one 
riser sustaining damage. 
 
Requirements for Alarm Attachments are given in Section 5-15.1.6 of NFPA 13, Standard for 
the installation of Sprinkler Systems, 1999 Edition.  An integral, listed supervisory alarm 
switch is available on URFA pressure reducing valves as option number “01” when ordering. 
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B. STANDPIPE SYSTEM  
 
The models URFA-25-2.5 and URFA-20-2.5 valves are most commonly used in standpipe 
systems.  The URFA-25-2.5 valves have a male hose thread outlet for connecting to fire 
suppression hose.  When hose racks are used, the URFA-20-2.5 can be utilized along with a 
special hose nipple for support of the rack.  The URFA valves are Listed by Underwriters 
Laboratories as Standpipe Equipment Pressure Reducing Devices (VUTX).  Requirements for 
installation of pressure reducing valves in standpipe systems are given in Section 5-8 of NFPA-





A. AUTOMATIC SPRINKLER SYSTEM  
 
1. To permit easy replacement or repair of valve, pipe unions or rubber gasket 
mechanical couplings should be installed immediately upstream or downstream of 
each URFA valve. 
2. A relief valve of not less then ½ inch size is to be installed on the downstream side 
of each URFA valve 
3. Pressure gauges are to be installed on the inlet and outlet side of each pressure- 
reducing valve 
4. Valve adjustment setting should be selected to provide an outlet pressure not 
exceeding 165 psi at the maximum inlet pressure 
5. Upon system completion, each Valve must be tested under both flow and no-flow 
conditions to verify that static residual outlet pressures and flow rates satisfy system 
design requirements.  See Section 8-2.5 NFPA 13 for more information on 
mandatory flow and no-flow test requirements. 
 
B. STANDPIPE SYSTEM 
 
1. The  URFA-25-2.5 can be used for both Class I and Class III service.   
2. NFPA 14 requires that hose valve outlet pressures for Class I and Class III service 
be no greater then 175 psi. and no less then 100 psi.  When permitted by the 
authority having jurisdiction, pressures less then 100 psi may be allowed, but in no 
cases shall the valve discharge pressure be less then 65 psi 
3. Upon system completion, each valve must be tested under both flow and no-flow 
conditions to verify that static and residual outlet pressures and flow rates satisfy 
system design requirements.  See Section 8-5.5 of NFPA 14 for more information 
on required flow and no-flow testing. 
 
 
CONSTRUCTION & OPERATING PRINCIPLE 
 
The URFA is a field adjustable pressure-reducing valve, which utilizes a hydraulic piston and 
cylinder assembly within the valve lower bonnet to allow the valve to self-throttle in response 
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to the pressure on the downstream side of the valve.  Because the piston, main stem and valve 
seat float freely from the manual valve stem and handwheel assembly, the valve is able to self-
close under static conditions and maintains a reduced pressure both under no-flow and flowing 
conditions Valve discharge pressure is transmitted to the top side of the piston through pressure 
passages in the main stem.  The presence of the piston results in a net area differential, which 
produces a hydraulic balancing force in the closed direction.  The magnitude of this balancing 
force is in direct proportion to the hydraulic area of the piston. 
 
The Field Adjustable feature of the valve is controlled by a spring within the valve upper 
bonnet.  The spring adds an opening force to the main stem so that pressure reduction may be 
changed as the spring force is changed.   This feature allows for the valve to satisfy all 
expected inlet/outlet pressure ratios.  The Field Adjustable feature allows for one type of valve 
to be specified for all locations in a structure.  Once installed the valves can be adjusted to the 
correct pressure reduction ratio based on their locations.  
 
The URFA valves feature a patent pending manual close design that allows for extremely low 
torque of the handwheel while manually opening and closing the valve.  The unique design 
allows for the for independent operation of the valve stem from the manual close push-rod; this 
allows for the operator to bypass the large torque required to overcome the stiffness of the 
adjustment spring. 
 
INSTALLATION OF VALVE 
 
• The valve should first be plumbed into the system 
• The upper bonnet may be rotated for optimized access to adjustment window 
o Loosen Bonnet Nut 
o Rotate Upper Bonnet to desired location of adjustment window 
o Apply service removable thread lock to the Bonnet Nut threads 
o Tighten the Bonnet Nut firmly 
• See wire diagram for proper installation of supervisory switch 
• The system should be slowly filled with water and purged of air 
• The system should then be flushed to remove any debris 
 
VALVE SETTING SELECTION 
 
The URFA valves have settings of A, B, C, D, and E.  Each valve setting corresponds to a 
pressure reduction graph located at the end of this manual.  The valve setting is determined by 
where the top of the adjustment cylinder lines up on the Adjustment Identification Label 
located on the main stem (refer to Figure 1).  To determine the correct setting for each URFA 
valve in the system design please use the following step. 
 
1. Determine the standpipe or sprinkler riser residual pressure for each valve location.  
This is the inlet pressure at each valve under design flow conditions.  In order to 
accurately determine these pressures, complete water supply data will be required, 
including results of municipal supply, flow test, and the pump performance curve.  The 
URFA inlet pressure will be equal to the sum of the pump discharge pressure and the 
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municipal supply pressure at the design flow rate, less piping friction loss and elevation 
loss. 
2. Turn to the appropriate valve performance chart.  The valve model and flow range for 
each graph is indicated in the title at the top of the graph.  Be sure to use the correct 
graph for the designed flow rate through the valve. 
3. Locate the valve inlet residual pressure on the vertical axis of the chart and draw a line 
from the pressure horizontally across the chart. 
4. Locate the desired valve outlet residual pressure on the chart horizontal axis and draw a 
vertical line from this pressure across the chart 
5. From the intersection of the inlet and outlet pressure lines constructed in (3) and (4) 
above, move horizontally to the nearest valve performance curve (actually straight 
diagonal lines).  This will be the appropriate valve setting for the chosen location. 
6. Determine the valve static inlet pressure.  This will be the sum of the municipal supply 
static pressure plus the pump churn pressure, less the elevation loss. 
7. To determine the valve static outlet pressure, refer to the appropriate static chart.  
Locate the valve static inlet pressure on the vertical axis of the chart.  Follow across to 
the appropriate valve curve and drop down to the horizontal axis to read valve outlet 
static pressure. 
8. If static outlet pressure is found to exceed the maximum outlet pressure allowed by 
NFPA 13 or NPFA 14, it will be necessary to re-select a valve setting to the left of the 









SETTING PRESSURE REDUCTION 
 
1. Remove the tamper-resistant screw from the clear cover by means of tamper-resistant Allen 
wrench provided with valve. 
2. Insert adjustment tool provided with valve through the slot in the clear cover into the hole 
in the adjustment cylinder. 
3. Rotate adjustment cylinder until the top of the adjustment cylinder is aligned with desired 
mark on the Indication Label (refer to Figure 1). 
4. Once rotation limit is reached during adjustment remove the adjustment tool from the 





Figure - 1 
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5. Once the proper adjustment is obtained verify the outlet pressure is correct with pressure 
gauges both upstream and downstream of the valve during both flow and no-flow pressure 
testing; make adjustments as needed.  See Section 8-2.5 of NFPA 13 for more details on 
required flow and no-flow testing. 
6. Once the valve is properly adjusted replace the tamper-resistant screw that was removed in 
step 2. 
7. A tamper-resistant allen wrench and adjustment tool should be stored in a special location 
for Fire Department use. 
 
NOTE:  Rotating the adjustment cylinder clockwise will increase outlet pressure.  Conversely, 





Pressure reducing/ controlling valves that are to be used as part of a sprinkler system should 
include a supervisory switch to signal when a valve is not manually in the fully opened 
position (refer to NFPA 13 for more details on supervisory requirements).  An optional 
supervisory switch assembly with UL approval for use with URFA valves is available on all 
models.  The supervisory switch may be mounted to either side of the upper bonnet in the ¾ 
inch tapped holes provided.  A cap plug is secured in the upper bonnet tapped holes when the 
supervisory switch is not installed.  A UL Listed conduit elbow is utilized as a water-resistant 
enclosure for the electronic switch.  The conduit elbow provides an opening for fastening 
conduit to the enclosure, and a lid may be removed to gain access for wiring connections.  The 
lid is attached with two pin-in-hex security screws.  A key is provided for installation access 
into the conduit enclosure.  Two switch options are available for the supervisory switch 
assembly.  The first, part number 64040001, will provide a closed circuit when the valve hand 
wheel is in the full open position.  The second option, part number 65755001, will provide an 
open circuit when the valve hand wheel is in the full open position. Please specify the required 
switch configuration when ordering.  Figure 2 describes wiring details.  The two switch options 
have different colored leads for easy identification.  Part number 64040001, the closed circuit 
switch, has blue and green wire leads.  Part number 65755001, the open circuit switch, has 
yellow and orange wire leads.  The solid colored  wires act as a primary wiring configuration 


























Figure - 2 
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Note: Supervisory switch rated for Indoor Use Only. 
 
The supervisory switch enclosure may be positioned with the conduit enclosure at various 
angles so to better meet space requirements (see Figure 3).  To reposition the conduit enclosure 
angle, hold rotation on the hex adaptor fastened to the upper bonnet with the use of an open 
box wrench.  While insuring the hex adaptor remains fully threaded against the upper bonnet, 
position the conduit enclosure to the desired angle.  When completed the hex adaptor MUST 
be fully threaded against the upper bonnet to insure proper function.  If the hex adaptor 
becomes unthreaded the supervisory switch will send an opened signal.  Also ensure that the 









VALVE CARE & MAINTENANCE 
 
URFA valves require minimal maintenance.  However, a routine inspection and test program is 
essential for any fire protection system to insure that it is in proper operating condition.  NFPA 
25, standard for the Inspection, Testing and Maintenance of Water-Based Fire Protection 
Systems should be consulted for a determination of required test frequency and methods.   
 
Below is a summary of the required frequency of inspections and testing for pressure reducing 
valves: 
 
Valve Application Inspection Flow Test 
Sprinkler System Pressure Regulating Control 
Valve Quarterly Annually 
Hose Connection and Hose Rack Assembly 
Pressure Regulating Valve Quarterly 5-Years 




Quarterly inspections should verify that the tamper-resistant cover is properly secured and 
compare actual valve adjustment settings to documented correct adjustment settings for each 
valve.  If a valve is found to have incorrect valve setting it should be reset to the proper setting 
and undergo flow and no-flow testing to verify proper pressure reduction is obtained.   
 
Flow test results should be compared to previous test results, and to system performance 
criteria.  If the valve adjustment settings match the original and correct settings for each valve 






































































































































































































































































































































































































































































































































Elkhart Brass Mfg. Co., Inc. 
Mailing Address: 
P.O. Box 1127 
Elkhart, IN  46515 USA 
Shipping Address: 
1302 W. Beardsley Ave. 
Elkhart, IN  46514 USA 
Tel.  1-574-295-8330 
         1-800-346-0250 
Fax    1-574-293-9914 
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science LVL 1 [R/A=1] 
Building : FP-6.01W 
Location : San Luis Obispo,  Ca. 
System : 1-1 
Contract : 10034 
Data File : Cal Poly CFS LVL 1-1.WXF 
Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
Aero Automatic Sprinkler Co. Page 1 






Project name: Cal Poly Center For Science 
Location: San Luis Obispo,  Ca. 




Remote area number: 1-1 
Remote area location: 1 st. Floor Lecture 
Occupancy classification: Light Hazard 
Density: 0.10 - Gpm/SqFt 
Area of application: 1500 - SqFt 
Coverage per sprinkler: 168 - SqFt 
Type of sprinklers calculated: Tyco; Mod. TY-FRB; 1/2"; 1/2";K=5.6; 155 Deg 
No. of sprinklers calculated: 12 
In-rack demand: N/A - GPM 
Hose streams: 100 - GPM 
Total water required (including hose streams): 350.6 - GPM @ 7.27 - Psi 
Type of system: WET 
Volume of dry or preaction system: N/A - Gal 
 
Water supply information 
Date: 8-19-2011 
Location: N. Poly View Drive  
Source: Fluid Resource Management 
 
Name of contractor: Aero Automatic Sprinkler Co. 
Address: 21605 N. Central Ave.  Phoenix, Az. 85024 
Phone number: 623-580-7847 
Name of designer: Neal Larsen 
Authority having jurisdiction: C.S.F.M. 
Notes: (Include peaking information or gridded systems here.) Flow Test Information : 
Hydrant # 63; Static = 60 psi; Res.= 55 psi {Elev.=351.0'} 
Hydrant # 64; Flow = 914 gpm 
FLOW TEST USED IN HYD. CALCS REDUCED BY 10 % [STATIC=54psi; RES.=49psi] 
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200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.872 
A2 - Adj Resid : 49.314  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  -1.083 
D2 - System Flow : 250.608 
D2 - System Pressure : 130.164 
Hose ( Adj City ) : _______
Hose ( Demand ) : 100 
D3 - System Demand : 350.608 
Safety Margin :  45.876 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
H 45' Ell Grvd-Vic #11 0 0 1 1.5 2 2 3 3 3.5 3.5 4.5 5 6.5 8.5 10 18 20 23 25 30  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
S101 10.5 5.6 9.0   na  16.8 0.1 168 7.0 
S102 10.5 5.6 10.12   na  17.81 0.1 168 7.0 
S103 10.5 5.6 14.14   na  21.05 0.1 168 7.0 
S104 10.5 5.6 23.3   na  27.03 0.1 168 7.0 
S105 10.5 5.6 9.1   na  16.89 0.1 168 7.0 
S106 10.5 5.6 10.23   na  17.91 0.1 168 7.0 
S107 10.5 5.6 14.29   na  21.17 0.1 168 7.0 
S108 10.5 5.6 23.55   na  27.18 0.1 168 7.0 
S109 10.5 5.6 9.46   na  17.23 0.1 168 7.0 
S110 10.5 5.6 10.64   na  18.26 0.1 168 7.0 
S111 10.5 5.6 14.84   na  21.58 0.1 168 7.0 
S112 10.5 5.6 24.45   na  27.69 0.1 168 7.0 
L101 12.167 8.62   na   
L102 13.167 9.77   na   
L103 13.167 14.08   na   
L104 13.167 23.89   na   
L105 12.167 8.73   na   
L106 13.167 9.89   na   
L107 13.167 14.24   na   
L108 13.167 24.16   na   
L109 12.167 9.1   na   
L110 13.167 10.32   na   
L111 13.167 14.84   na   
L112 13.167 25.12   na   
M101 13.167 25.82   na   
M102 13.167 26.11   na   
M103 13.167 27.13   na   
M104 13.167 41.43   na   
M105 13.167 51.6   na   
TR01 13.167 60.33   na   
BR01 3.0 126.68   na   
SPC1 12.667 125.17   na  100.0  
SPC2 12.667 125.36   na   
PO 1.833 130.16   na   
PI 1.75 51.68   na   
POC 6.75 49.6   na   
BF1 13.0 46.98   na   
BF2 13.0 53.01   na   
SRC 13.0 53.15   na   
The maximum velocity is 21.19 and it occurs in the pipe between nodes L111 and M103
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*FLOWING SPRINKLER R/A # 1 # 
S101 10.500 5.60    16.80 1 1E 2.0    1.667 120   9.000  
to 0.0    2.000  -0.722  
L101 12.167 16.8 1.049 0.0    3.667 0.0944   0.346 Vel =   6.24 
0.0  
L101    16.80   8.624 K Factor =   5.72 
S102 10.500 5.60    17.81 1 1T 5.0    2.667 120  10.119  
to 0.0    5.000  -1.155  
L102 13.167 17.81 1.049 0.0    7.667 0.1050   0.805 Vel =   6.61 
0.0  
L102    17.81   9.769 K Factor =   5.70 
S103 10.500 5.60    21.05 1 1T 5.0    2.667 120  14.135  
to 0.0    5.000  -1.155  
L103 13.167 21.05 1.049 0.0    7.667 0.1431   1.097 Vel =   7.81 
0.0  
L103    21.05  14.077 K Factor =   5.61 
S104 10.500 5.60    27.03 1 1T 5.0    2.667 120  23.303  
to 0.0    5.000  -1.155  
L104 13.167 27.03 1.049 0.0    7.667 0.2272   1.742 Vel =  10.03 
0.0  
L104    27.03  23.890 K Factor =   5.53 
S105 10.500 5.60    16.89 1 1E 2.0    1.667 120   9.100  
to 0.0    2.000  -0.722  
L105 12.167 16.89 1.049 0.0    3.667 0.0952   0.349 Vel =   6.27 
0.0  
L105    16.89   8.727 K Factor =   5.72 
S106 10.500 5.60    17.91 1 1T 5.0    2.667 120  10.231  
to 0.0    5.000  -1.155  
L106 13.167 17.91 1.049 0.0    7.667 0.1060   0.813 Vel =   6.65 
0.0  
L106    17.91   9.889 K Factor =   5.70 
S107 10.500 5.60    21.17 1 1T 5.0    2.667 120  14.288  
to 0.0    5.000  -1.155  
L107 13.167 21.17 1.049 0.0    7.667 0.1446   1.109 Vel =   7.86 
0.0  
L107    21.17  14.242 K Factor =   5.61 
S108 10.500 5.60    27.18 1 1T 5.0    2.667 120  23.551  
to 0.0    5.000  -1.155  
L108 13.167 27.18 1.049 0.0    7.667 0.2294   1.759 Vel =  10.09 
0.0  
L108    27.18  24.155 K Factor =   5.53 
S109 10.500 5.60    17.23 1 1E 2.0    1.667 120   9.464  
to 0.0    2.000  -0.722  
L109 12.167 17.23 1.049 0.0    3.667 0.0987   0.362 Vel =   6.40 
0.0  
L109    17.23   9.104 K Factor =   5.71 
S110 10.500 5.60    18.26 1 1T 5.0    2.667 120  10.637  
to 0.0    5.000  -1.155  
L110 13.167 18.26 1.049 0.0    7.667 0.1100   0.843 Vel =   6.78 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
L110    18.26  10.325 K Factor =   5.68 
S111 10.500 5.60    21.58 1 1T 5.0    2.667 120  14.844  
to 0.0    5.000  -1.155  
L111 13.167 21.58 1.049 0.0    7.667 0.1497   1.148 Vel =   8.01 
0.0  
L111    21.58  14.837 K Factor =   5.60 
S112 10.500 5.60    27.69 1 1T 5.0    2.667 120  24.448  
to 0.0    5.000  -1.155  
L112 13.167 27.69 1.049 0.0    7.667 0.2376   1.822 Vel =  10.28 
0.0  
L112    27.69  25.115 K Factor =   5.53 
*BRANCH LINES R/A # 1 
L101 12.167    16.80 1 2E 4.0   12.750 120   8.624  
to 0.0    4.000  -0.433  
L102 13.167 16.8 1.049 0.0   16.750 0.0942   1.578 Vel =   6.24 
L102 13.167    17.81 1 0.0   12.000 120   9.769  
to 0.0 0.0 0.0  
L103 13.167 34.61 1.049 0.0   12.000 0.3590   4.308 Vel =  12.85 
L103 13.167    21.06 1 1T 5.0    8.583 120  14.077  
to 0.0    5.000 0.0  
M101 13.167 55.67 1.049 0.0   13.583 0.8647  11.745 Vel =  20.67 
0.0  
M101    55.67  25.822 K Factor =  10.96 
L104 13.167    27.03 1 1T 5.0    3.500 120  23.890  
to 0.0    5.000 0.0  
M101 13.167 27.03 1.049 0.0    8.500 0.2273   1.932 Vel =  10.03 
0.0  
M101    27.03  25.822 K Factor =   5.32 
L105 12.167    16.89 1 2E 4.0   12.750 120   8.727  
to 0.0    4.000  -0.433  
L106 13.167 16.89 1.049 0.0   16.750 0.0952   1.595 Vel =   6.27 
L106 13.167    17.91 1 0.0   12.000 120   9.889  
to 0.0 0.0 0.0  
L107 13.167 34.8 1.049 0.0   12.000 0.3627   4.353 Vel =  12.92 
L107 13.167    21.17 1 1T 5.0    8.583 120  14.242  
to 0.0    5.000 0.0  
M102 13.167 55.97 1.049 0.0   13.583 0.8734  11.864 Vel =  20.78 
0.0  
M102    55.97  26.106 K Factor =  10.95 
L108 13.167    27.18 1 1T 5.0    3.500 120  24.155  
to 0.0    5.000 0.0  
M102 13.167 27.18 1.049 0.0    8.500 0.2295   1.951 Vel =  10.09 
0.0  
M102    27.18  26.106 K Factor =   5.32 
L109 12.167    17.23 1 2E 4.0   12.750 120   9.104  
to 0.0    4.000  -0.433  
L110 13.167 17.23 1.049 0.0   16.750 0.0987   1.654 Vel =   6.40 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
L110 13.167    18.26 1 0.0   12.000 120  10.325  
to 0.0 0.0 0.0  
L111 13.167 35.49 1.049 0.0   12.000 0.3760   4.512 Vel =  13.17 
L111 13.167    21.58 1 1T 5.0    8.583 120  14.837  
to 0.0    5.000 0.0  
M103 13.167 57.07 1.049 0.0   13.583 0.9053  12.297 Vel =  21.19 
0.0  
M103    57.07  27.134 K Factor =  10.96 
L112 13.167    27.69 1 1T 5.0    3.500 120  25.115  
to 0.0    5.000 0.0  
M103 13.167 27.69 1.049 0.0    8.500 0.2375   2.019 Vel =  10.28 
0.0  
M103    27.69  27.134 K Factor =   5.32 
*FEED MAIN 
M101 13.167    82.70 2.5 0.0   14.000 120  25.822  
to 0.0 0.0 0.0  
M102 13.167 82.7 2.635 0.0   14.000 0.0203   0.284 Vel =   4.87 
M102 13.167    83.15 2.5 0.0   14.000 120  26.106  
to 0.0 0.0 0.0  
M103 13.167 165.85 2.635 0.0   14.000 0.0734   1.028 Vel =   9.76 
M103 13.167    84.76 2.5 1T 16.474   74.250 120  27.134  
to 0.0   16.474 0.0  
M104 13.167 250.61 2.635 0.0   90.724 0.1576  14.299 Vel =  14.74 
M104 13.167 0.0 2.5 1H 4.119   43.917 120  41.433  
to 1T 16.474   20.593 0.0  
M105 13.167 250.61 2.635 0.0   64.510 0.1576  10.168 Vel =  14.74 
M105 13.167 0.0 3 4I 26.879  109.083 120  51.601  
to 1T 20.159   47.038 0.0  
TR01 13.167 250.61 3.26 0.0  156.121 0.0559   8.727 Vel =   9.63 
TR01 13.167 0.0 3 1I 6.72   10.167 120  60.328  
to 0.0    6.720  65.403 * Fixed loss = 61 
BR01 3 250.61 3.26 0.0   16.887 0.0559   0.944 Vel =   9.63 
BR01 3 0.0 3 2I 13.44   14.333 120 126.675  
to 1T 20.159   33.599  -4.187  
SPC1 12.667 250.61 3.26 0.0   47.932 0.0559   2.680 Vel =   9.63 
SPC1 12.667 H100  100.00 6 1T 30.0    7.833 120 125.168  
to 0.0   30.000 0.0  
SPC2 12.667 350.61 6.065 0.0   37.833 0.0051   0.192 Vel =   3.89 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 125.360  
to 1B 12.0   70.000   4.692  
PO 1.833 350.61 7.981 1C 45.0   84.750 0.0013   0.112 Vel =   2.25 
0.0  
PO   350.61 130.164 K Factor =  30.73 
System Demand Pressure 130.164 
Safety Margin  45.876 
Continuation Pressure 176.040 
Pressure @ Pump Outlet 176.040 
Pressure From Pump Curve -124.362 
Pressure @ Pump Inlet  51.678 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
PI 1.750 0.0 8 1G 4.0   14.000 120  51.678  
to 1I 13.0   52.000  -2.166  
POC 6.750 350.61 7.981 1T 35.0   66.000 0.0013   0.088 Vel =   2.25 
POC 6.750 0.0 8 2E 56.936   41.000 140  49.600  
to 0.0   56.936  -2.707  
BF1 13 350.61 8.27 0.0   97.936 0.0008   0.083 Vel =   2.09 
BF1 13 0.0 8 1Zic 0.0    4.000 120  46.976  
to 0.0 0.0   6.031 * Fixed loss = 6.031 
BF2 13 350.61 7.981 0.0    4.000 0.0012   0.005 Vel =   2.25 
BF2 13 0.0 8 2E 56.936   46.000 140  53.012  
to 1G 6.326  118.616 0.0  
SRC 13 350.61 8.27 1T 55.354  164.616 0.0008   0.138 Vel =   2.09 
0.0  
SRC   350.61  53.150 K Factor =  48.09 
Final Calculations - Hazen-Williams - 2007
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science LVL 1 [R/A=2] 
Building : FP-6.01W 
Location : San Luis Obispo,  Ca. 
System : 1-2 
Contract : 10034 
Data File : Cal Poly CFS LVL 1-2.WXF 
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Project name: Cal Poly Center For Science 
Location: San Luis Obispo,  Ca. 




Remote area number: 1-2 
Remote area location: 1 st. Floor Lecture 
Occupancy classification: Light Hazard 
Density: 0.10 - Gpm/SqFt 
Area of application: 1500 - SqFt 
Coverage per sprinkler: 163 - SqFt 
Type of sprinklers calculated: Tyco; Mod. TY-FRB; 1/2"; 1/2";K=5.6; 155 Deg 
No. of sprinklers calculated: 16 
In-rack demand: N/A - GPM 
Hose streams: 100 - GPM 
Total water required (including hose streams): 428.4 - GPM @ 45.59 - Psi 
Type of system: WET 
Volume of dry or preaction system: N/A - Gal 
 
Water supply information 
Date: 8-19-2011 
Location: N. Poly View Drive  
Source: Fluid Resource Management 
 
Name of contractor: Aero Automatic Sprinkler Co. 
Address: 21605 N. Central Ave.  Phoenix, Az. 85024 
Phone number: 623-580-7847 
Name of designer: Neal Larsen 
Authority having jurisdiction: C.S.F.M. 
Notes: (Include peaking information or gridded systems here.) Flow Test Information : 
Hydrant # 63; Static = 60 psi; Res.= 55 psi {Elev.=351.0'} 
Hydrant # 64; Flow = 914 gpm 
FLOW TEST USED IN HYD. CALCS REDUCED BY 10 % [STATIC=54psi; RES.=49psi] 
Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
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200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.872 
A2 - Adj Resid : 49.314  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :   9.420 
D2 - System Flow : 328.401 
D2 - System Pressure : 167.582 
Hose ( Adj City ) : _______
Hose ( Demand ) : 100 
D3 - System Demand : 428.401 
Safety Margin :   7.179 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
H 45' Ell Grvd-Vic #11 0 0 1 1.5 2 2 3 3 3.5 3.5 4.5 5 6.5 8.5 10 18 20 23 25 30  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
S121 34.75 5.6 7.0   na  14.82 0.1 117 7.0 
S122 34.75 5.6 7.93   na  15.77 0.1 124 7.0 
S123 34.75 5.6 11.11   na  18.67 0.1 124 7.0 
S124 34.75 5.6 12.56   na  19.84 0.1 124 7.0 
S125 28.833 5.6 10.5   na  18.15 0.1 143 7.0 
S126 28.833 5.6 11.19   na  18.73 0.1 143 7.0 
S127 28.833 5.6 14.14   na  21.06 0.1 143 7.0 
S128 25.833 5.6 11.6   na  19.07 0.1 143 7.0 
S129 25.833 5.6 12.13   na  19.5 0.1 143 7.0 
S130 25.833 5.6 15.36   na  21.95 0.1 143 7.0 
S131 22.833 5.6 13.67   na  20.71 0.1 143 7.0 
S132 22.833 5.6 14.36   na  21.22 0.1 163 7.0 
S133 22.833 5.6 18.06   na  23.8 0.1 163 7.0 
S134 19.833 5.6 17.51   na  23.43 0.1 143 7.0 
S135 19.833 5.6 19.32   na  24.61 0.1 114 7.0 
S136 19.833 5.6 23.35   na  27.06 0.1 114 7.0 
L121 36.917 6.37   na   
L122 36.917 7.59   na   
L123 36.917 11.0   na   
L124 36.917 12.54   na   
L125 36.0 8.4   na   
L126 36.0 10.01   na   
L127 36.0 13.44   na   
L128 34.5 9.12   na   
L129 34.5 10.59   na   
L130 34.5 14.36   na   
L131 33.0 11.38   na   
L132 33.0 12.71   na   
L133 33.0 17.08   na   
L134 31.5 16.04   na   
L135 31.5 17.74   na   
L136 31.5 22.43   na   
M121 36.917 14.67   na   
M122 36.0 15.16   na   
M123 34.5 16.22   na   
M124 33.0 19.23   na   
M125 31.5 24.65   na   
M105 13.167 71.73   na   
TR01 13.167 86.12   na   
BR01 3.0 162.22   na   
SPC1 12.667 162.45   na  100.0  
SPC2 12.667 162.73   na   
PO 1.833 167.58   na   
PI 1.75 51.42   na   
POC 6.75 49.38   na   
BF1 13.0 46.8   na   
BF2 13.0 52.57   na   
SRC 13.0 52.77   na   
The maximum velocity is 19.32 and it occurs in the pipe between nodes M125 and M105
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*FLOWING SPRINKLER R/A # 2 
S121 34.750 5.60    14.82 1 1E 2.0    2.167 120   7.000  
to 0.0    2.000  -0.939  
L121 36.917 14.82 1.049 0.0    4.167 0.0749   0.312 Vel =   5.50 
0.0  
L121    14.82   6.373 K Factor =   5.87 
S122 34.750 5.60    15.77 1 1T 5.0    2.167 120   7.930  
to 0.0    5.000  -0.939  
L122 36.917 15.77 1.049 0.0    7.167 0.0840   0.602 Vel =   5.85 
0.0  
L122    15.77   7.593 K Factor =   5.72 
S123 34.750 5.60    18.67 1 1T 5.0    2.167 120  11.113  
to 0.0    5.000  -0.939  
L123 36.917 18.67 1.049 0.0    7.167 0.1147   0.822 Vel =   6.93 
0.0  
L123    18.67  10.996 K Factor =   5.63 
S124 34.750 5.60    19.84 1 1T 5.0    2.167 120  12.555  
to 0.0    5.000  -0.939  
L124 36.917 19.84 1.049 0.0    7.167 0.1284   0.920 Vel =   7.37 
0.0  
L124    19.84  12.536 K Factor =   5.60 
S125 28.833 5.60    18.15 1 1E 2.0    7.167 120  10.504  
to 0.0    2.000  -3.104  
L125 36 18.15 1.049 0.0    9.167 0.1088   0.997 Vel =   6.74 
0.0  
L125    18.15   8.397 K Factor =   6.26 
S126 28.833 5.60    18.73 1 1E 2.0    9.667 120  11.192  
to 1T 5.0    7.000  -3.104  
L126 36 18.73 1.049 0.0   16.667 0.1153   1.921 Vel =   6.95 
0.0  
L126    18.73  10.009 K Factor =   5.92 
S127 28.833 5.60    21.06 1 1E 2.0    9.750 120  14.144  
to 1T 5.0    7.000  -3.104  
L127 36 21.06 1.049 0.0   16.750 0.1432   2.399 Vel =   7.82 
0.0  
L127    21.06  13.439 K Factor =   5.74 
S128 25.833 5.60    19.07 1 1E 2.0    8.667 120  11.601  
to 0.0    2.000  -3.754  
L128 34.500 19.07 1.049 0.0   10.667 0.1192   1.271 Vel =   7.08 
0.0  
L128    19.07   9.118 K Factor =   6.32 
S129 25.833 5.60    19.50 1 1E 2.0   10.833 120  12.127  
to 1T 5.0    7.000  -3.754  
L129 34.500 19.5 1.049 0.0   17.833 0.1242   2.215 Vel =   7.24 
0.0  
L129    19.50  10.588 K Factor =   5.99 
S130 25.833 5.60    21.95 1 1E 2.0   10.833 120  15.361  
to 1T 5.0    7.000  -3.754  
L130 34.500 21.95 1.049 0.0   17.833 0.1546   2.757 Vel =   8.15 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
L130    21.95  14.364 K Factor =   5.79 
S131 22.833 5.60    20.71 1 1T 5.0   10.167 120  13.674  
to 0.0    5.000  -4.403  
L131 33 20.71 1.049 0.0   15.167 0.1388   2.105 Vel =   7.69 
0.0  
L131    20.71  11.376 K Factor =   6.14 
S132 22.833 5.60    21.22 1 1E 2.0   11.917 120  14.362  
to 1T 5.0    7.000  -4.403  
L132 33 21.22 1.049 0.0   18.917 0.1452   2.747 Vel =   7.88 
0.0  
L132    21.22  12.706 K Factor =   5.95 
S133 22.833 5.60    23.80 1 1E 2.0   12.083 120  18.057  
to 1T 5.0    7.000  -4.403  
L133 33 23.8 1.049 0.0   19.083 0.1794   3.424 Vel =   8.84 
0.0  
L133    23.80  17.078 K Factor =   5.76 
S134 19.833 5.60    23.44 1 1E 2.0   13.500 120  17.512  
to 1T 5.0    7.000  -5.053  
L134 31.500 23.44 1.049 0.0   20.500 0.1745   3.577 Vel =   8.70 
0.0  
L134    23.44  16.036 K Factor =   5.85 
S135 19.833 5.60    24.61 1 1T 5.0   13.167 120  19.319  
to 0.0    5.000  -5.053  
L135 31.500 24.61 1.049 0.0   18.167 0.1911   3.471 Vel =   9.14 
0.0  
L135    24.61  17.737 K Factor =   5.84 
S136 19.833 5.60    27.06 1 1T 5.0   13.167 120  23.350  
to 0.0    5.000  -5.053  
L136 31.500 27.06 1.049 0.0   18.167 0.2276   4.135 Vel =  10.05 
0.0  
L136    27.06  22.432 K Factor =   5.71 
*BRANCH LINES R/A # 2 
L121 36.917    14.82 1 1E 2.0   14.333 120   6.373  
to 0.0    2.000 0.0  
L122 36.917 14.82 1.049 0.0   16.333 0.0747   1.220 Vel =   5.50 
L122 36.917    15.77 1 0.0   11.917 120   7.593  
to 0.0 0.0 0.0  
L123 36.917 30.59 1.049 0.0   11.917 0.2856   3.403 Vel =  11.36 
L123 36.917    18.67 1 1T 5.0    0.333 120  10.996  
to 0.0    5.000 0.0  
M121 36.917 49.26 1.049 0.0    5.333 0.6895   3.677 Vel =  18.29 
0.0  
M121    49.26  14.673 K Factor =  12.86 
L124 36.917    19.84 1 1T 5.0   11.667 120  12.536  
to 0.0    5.000 0.0  
M121 36.917 19.84 1.049 0.0   16.667 0.1282   2.137 Vel =   7.37 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
M121    19.84  14.673 K Factor =   5.18 
L125 36    18.15 1 0.0   14.833 120   8.397  
to 0.0 0.0 0.0  
L126 36 18.15 1.049 0.0   14.833 0.1087   1.612 Vel =   6.74 
L126 36    18.73 1 1T 5.0    7.750 120  10.009  
to 0.0    5.000 0.0  
M122 36 36.88 1.049 0.0   12.750 0.4038   5.148 Vel =  13.69 
0.0  
M122    36.88  15.157 K Factor =   9.47 
L127 36    21.06 1 1T 5.0    7.000 120  13.439  
to 0.0    5.000 0.0  
M122 36 21.06 1.049 0.0   12.000 0.1432   1.718 Vel =   7.82 
0.0  
M122    21.06  15.157 K Factor =   5.41 
L128 34.500    19.07 1 0.0   12.333 120   9.118  
to 0.0 0.0 0.0  
L129 34.500 19.07 1.049 0.0   12.333 0.1192   1.470 Vel =   7.08 
L129 34.500    19.51 1 1T 5.0    7.833 120  10.588  
to 0.0    5.000 0.0  
M123 34.500 38.58 1.049 0.0   12.833 0.4387   5.630 Vel =  14.32 
0.0  
M123    38.58  16.218 K Factor =   9.58 
L130 34.500    21.95 1 1T 5.0    7.000 120  14.364  
to 0.0    5.000 0.0  
M123 34.500 21.95 1.049 0.0   12.000 0.1545   1.854 Vel =   8.15 
0.0  
M123    21.95  16.218 K Factor =   5.45 
L131 33    20.71 1 0.0    9.583 120  11.376  
to 0.0 0.0 0.0  
L132 33 20.71 1.049 0.0    9.583 0.1388   1.330 Vel =   7.69 
L132 33    21.22 1 1T 5.0    7.750 120  12.706  
to 0.0    5.000 0.0  
M124 33 41.93 1.049 0.0   12.750 0.5118   6.526 Vel =  15.57 
0.0  
M124    41.93  19.232 K Factor =   9.56 
L133 33    23.80 1 1T 5.0    7.000 120  17.078  
to 0.0    5.000 0.0  
M124 33 23.8 1.049 0.0   12.000 0.1795   2.154 Vel =   8.84 
0.0  
M124    23.80  19.232 K Factor =   5.43 
L134 31.500    23.44 1 0.0    9.750 120  16.036  
to 0.0 0.0 0.0  
L135 31.500 23.44 1.049 0.0    9.750 0.1745   1.701 Vel =   8.70 
L135 31.500    24.61 1 1T 5.0    5.500 120  17.737  
to 0.0    5.000 0.0  
M125 31.500 48.05 1.049 0.0   10.500 0.6586   6.915 Vel =  17.84 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
M125    48.05  24.652 K Factor =   9.68 
L136 31.500    27.06 1 1T 5.0    4.750 120  22.432  
to 0.0    5.000 0.0  
M125 31.500 27.06 1.049 0.0    9.750 0.2277   2.220 Vel =  10.05 
0.0  
M125    27.06  24.652 K Factor =   5.45 
*FEED MAIN 
M121 36.917    69.10 2.5 0.0    6.000 120  14.673  
to 0.0 0.0   0.397  
M122 36 69.1 2.635 0.0    6.000 0.0145   0.087 Vel =   4.07 
M122 36    57.94 2.5 0.0    9.167 120  15.157  
to 0.0 0.0   0.650  
M123 34.500 127.04 2.635 0.0    9.167 0.0448   0.411 Vel =   7.47 
M123 34.500    60.52 2.5 1T 16.474    9.167 120  16.218  
to 0.0   16.474   0.650  
M124 33 187.56 2.635 0.0   25.641 0.0922   2.364 Vel =  11.03 
M124 33    65.73 2.5 1H 4.119    9.083 120  19.232  
to 1T 16.474   20.593   0.650  
M125 31.500 253.29 2.635 0.0   29.676 0.1607   4.770 Vel =  14.90 
M125 31.500    75.11 2.5 2T 32.948   92.917 120  24.652  
to 3I 24.711   57.659   7.940  
M105 13.167 328.4 2.635 0.0  150.576 0.2599  39.134 Vel =  19.32 
M105 13.167 0.0 3 4I 26.879  109.083 120  71.726  
to 1T 20.159   47.038 0.0  
TR01 13.167 328.4 3.26 0.0  156.121 0.0922  14.391 Vel =  12.62 
TR01 13.167 0.0 3 1I 6.72   10.167 120  86.117  
to 0.0    6.720  74.543 * Fixed loss = 70.14 
BR01 3 328.4 3.26 0.0   16.887 0.0922   1.557 Vel =  12.62 
BR01 3 0.0 3 2I 13.44   14.333 120 162.217  
to 1T 20.159   33.599  -4.187  
SPC1 12.667 328.4 3.26 0.0   47.932 0.0922   4.419 Vel =  12.62 
SPC1 12.667 H100  100.00 6 1T 30.0    7.917 120 162.449  
to 0.0   30.000 0.0  
SPC2 12.667 428.4 6.065 0.0   37.917 0.0073   0.278 Vel =   4.76 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 162.727  
to 1B 12.0   70.000   4.692  
PO 1.833 428.4 7.981 1C 45.0   84.750 0.0019   0.163 Vel =   2.75 
0.0  
PO   428.40 167.582 K Factor =  33.09 
System Demand Pressure 167.582 
Safety Margin   7.179 
Continuation Pressure 174.761 
Pressure @ Pump Outlet 174.761 
Pressure From Pump Curve -123.339 
Pressure @ Pump Inlet  51.422 
PI 1.750 0.0 8 1G 4.0   14.000 120  51.422  
to 1I 13.0   52.000  -2.166  
POC 6.750 428.4 7.981 1T 35.0   66.000 0.0019   0.127 Vel =   2.75 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
POC 6.750 0.0 8 2E 56.936   41.000 140  49.383  
to 0.0   56.936  -2.707  
BF1 13 428.4 8.27 0.0   97.936 0.0012   0.120 Vel =   2.56 
BF1 13 0.0 8 1Zic 0.0    4.000 120  46.796  
to 0.0 0.0   5.766 * Fixed loss = 5.766 
BF2 13 428.4 7.981 0.0    4.000 0.0018   0.007 Vel =   2.75 
BF2 13 0.0 8 2E 56.936   46.000 140  52.569  
to 1G 6.326  118.616 0.0  
SRC 13 428.4 8.27 1T 55.354  164.616 0.0012   0.200 Vel =   2.56 
0.0  
SRC   428.40  52.769 K Factor =  58.97 
Final Calculations - Hazen-Williams - 2007
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science LVL 3 [R/A=1] 
Building : FP-6.03W 
Location : San Luis Obispo,  Ca. 
System : 3-1 
Contract : 10034 
Data File : Cal Poly CFS LVL 3-1.WXF 
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Project name: Cal Poly Center For Science 
Location: San Luis Obispo,  Ca. 




Remote area number: 3-1 
Remote area location: 3 rd. Floor Laboratory 
Occupancy classification: Ordinary Hazard Gr. 1 
Density: 0.15 - Gpm/SqFt 
Area of application: 967 - SqFt 
Coverage per sprinkler: 120 - SqFt 
Type of sprinklers calculated: Tyco; Mod. TY-FRB; 1/2"; 1/2";K=5.6; 155 Deg 
No. of sprinklers calculated: 12 
In-rack demand: N/A - GPM 
Hose streams: 250 - GPM 
Total water required (including hose streams): 502.75 - GPM @ -0.88 - Psi 
Type of system: WET 
Volume of dry or preaction system: N/A - Gal 
 
Water supply information 
Date: 8-19-2011 
Location: N. Poly View Drive  
Source: Fluid Resource Management 
 
Name of contractor: Aero Automatic Sprinkler Co. 
Address: 21605 N. Central Ave.  Phoenix, Az. 85024 
Phone number: 623-580-7847 
Name of designer: Neal Larsen 
Authority having jurisdiction: C.S.F.M. 
Notes: (Include peaking information or gridded systems here.) Flow Test Information : 
Hydrant # 63; Static = 60 psi; Res.= 55 psi {Elev.=351.0'} 
Hydrant # 64; Flow = 914 gpm 
FLOW TEST USED IN HYD. CALCS REDUCED BY 10 % [STATIC=54psi; RES.=49psi] 
NOTE : REMOTE AREA REDUCED BY 39.25% [Q.R HEADS & C.H.=10'-6"] 912 SQ.FT. MIN.
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FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.696 
A2 - Adj Resid : 47.866  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  12.776 
D2 - System Flow : 252.757 
D2 - System Pressure : 121.999 
Hose ( Adj City ) : 150 
Hose ( Demand ) : 100 
D3 - System Demand : 352.757 
Safety Margin :  53.231 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
S301 42.5 5.6 10.33   na  18.0 0.15 120 7.0 
S302 42.5 5.6 11.14   na  18.7 0.15 120 7.0 
S303 42.5 5.6 14.18   na  21.09 0.15 120 7.0 
S304 42.5 5.6 21.23   na  25.81 0.15 120 7.0 
S305 42.5 5.6 10.42   na  18.08 0.15 120 7.0 
S306 42.5 5.6 11.24   na  18.78 0.15 120 7.0 
S307 42.5 5.6 14.31   na  21.18 0.15 120 7.0 
S308 42.5 5.6 21.42   na  25.92 0.15 120 7.0 
S309 42.5 5.6 10.69   na  18.31 0.15 120 7.0 
S310 42.5 5.6 11.53   na  19.01 0.15 120 7.0 
S311 41.5 5.6 14.93   na  21.64 0.15 120 7.0 
S312 42.5 5.6 21.98   na  26.25 0.15 120 7.0 
L301 43.083 10.68   na   
L302 43.083 11.53   na   
L303 43.083 14.73   na   
L304 43.083 22.14   na   
L305 43.083 10.77   na   
L306 43.083 11.64   na   
L307 43.083 14.86   na   
L308 43.083 22.34   na   
L309 43.083 11.05   na   
L310 43.083 11.94   na   
L311 43.083 15.24   na   
L312 43.083 22.93   na   
MN30 44.0 28.7   na   
MN31 44.0 28.95   na   
MN32 44.0 29.74   na   
MN35 43.083 88.29   na   
TOR3 43.083 92.48   na   
BOR3 36.0 102.61   na   
HV1 99.75 76.68   na   
HV2 99.75 76.68   na   
SPRF 99.75 78.43   na   
SP16 85.0 84.82   na   
SP15 69.0 91.75   na   
SP14 53.0 98.68   na   
SP13 37.0 105.61   na   
HV3 101.0 75.51   na   
SPR3 101.0 77.26   na   
SP36 85.0 84.19   na   
SP35 69.0 91.12   na   
SP34 53.0 98.05   na  50.0  
SP33 37.0 104.98   na  50.0  
SP32 21.0 112.1   na   
SP05 29.167 108.57   na   
SP01 45.0 102.14   na   
SP02 27.917 109.54   na   
SP03 29.167 109.0   na   
SP04 28.083 109.81   na   
SPC1 12.667 117.0   na   
SPC2 12.667 117.19   na   
PO 1.833 122.0   na   
PI 1.75 50.88   na   
POC 6.75 48.8   na   
BF1 13.0 46.18   na   
BF2 13.0 52.21   na   
SRC 13.0 52.35   na  150.0  
The maximum velocity is 21.89 and it occurs in the pipe between nodes L311 and L312
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*FLOWING SPRINKLER R/A # 1 
S301 42.500 5.60    18.00 1 1T 5.0    0.583 120  10.332  
to 0.0    5.000  -0.252  
L301 43.083 18.0 1.049 0.0    5.583 0.1069   0.597 Vel =   6.68 
0.0  
L301    18.00  10.677 K Factor =   5.51 
S302 42.500 5.60    18.70 1 1T 5.0    0.583 120  11.145  
to 0.0    5.000  -0.252  
L302 43.083 18.7 1.049 0.0    5.583 0.1148   0.641 Vel =   6.94 
0.0  
L302    18.70  11.534 K Factor =   5.51 
S303 42.500 5.60    21.09 1 1T 5.0    0.583 120  14.184  
to 0.0    5.000  -0.252  
L303 43.083 21.09 1.049 0.0    5.583 0.1435   0.801 Vel =   7.83 
0.0  
L303    21.09  14.733 K Factor =   5.49 
S304 42.500 5.60    25.80 1 1T 5.0    0.583 120  21.234  
to 0.0    5.000  -0.252  
L304 43.083 25.8 1.049 0.0    5.583 0.2083   1.163 Vel =   9.58 
0.0  
L304    25.80  22.145 K Factor =   5.48 
S305 42.500 5.60    18.08 1 1T 5.0    0.583 120  10.424  
to 0.0    5.000  -0.252  
L305 43.083 18.08 1.049 0.0    5.583 0.1078   0.602 Vel =   6.71 
0.0  
L305    18.08  10.774 K Factor =   5.51 
S306 42.500 5.60    18.78 1 1T 5.0    0.583 120  11.244  
to 0.0    5.000  -0.252  
L306 43.083 18.78 1.049 0.0    5.583 0.1157   0.646 Vel =   6.97 
0.0  
L306    18.78  11.638 K Factor =   5.50 
S307 42.500 5.60    21.18 1 1T 5.0    0.583 120  14.309  
to 0.0    5.000  -0.252  
L307 43.083 21.18 1.049 0.0    5.583 0.1445   0.807 Vel =   7.86 
0.0  
L307    21.18  14.864 K Factor =   5.49 
S308 42.500 5.60    25.92 1 1T 5.0    0.583 120  21.416  
to 0.0    5.000  -0.252  
L308 43.083 25.92 1.049 0.0    5.583 0.2101   1.173 Vel =   9.62 
0.0  
L308    25.92  22.337 K Factor =   5.48 
S309 42.500 5.60    18.31 1 1T 5.0    0.583 120  10.686  
to 0.0    5.000  -0.252  
L309 43.083 18.31 1.049 0.0    5.583 0.1105   0.617 Vel =   6.80 
0.0  
L309    18.31  11.051 K Factor =   5.51 
S310 42.500 5.60    19.01 1 1T 5.0    0.583 120  11.526  
to 0.0    5.000  -0.252  
L310 43.083 19.01 1.049 0.0    5.583 0.1184   0.661 Vel =   7.06 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
L310    19.01  11.935 K Factor =   5.50 
S311 41.500 5.60    21.64 1 1T 5.0    1.583 120  14.930  
to 0.0    5.000  -0.686  
L311 43.083 21.64 1.049 0.0    6.583 0.1507   0.992 Vel =   8.03 
0.0  
L311    21.64  15.236 K Factor =   5.54 
S312 42.500 5.60    26.25 1 1T 5.0    0.583 120  21.978  
to 0.0    5.000  -0.252  
L312 43.083 26.25 1.049 0.0    5.583 0.2153   1.202 Vel =   9.74 
0.0  
L312    26.25  22.928 K Factor =   5.48 
*BRANCH LINES R/A # 1 
L301 43.083    18.00 1 0.0    8.000 120  10.677  
to 0.0 0.0 0.0  
L302 43.083 18.0 1.049 0.0    8.000 0.1071   0.857 Vel =   6.68 
L302 43.083    18.70 1 0.0    8.000 120  11.534  
to 0.0 0.0 0.0  
L303 43.083 36.7 1.049 0.0    8.000 0.3999   3.199 Vel =  13.62 
L303 43.083    21.09 1 0.0    8.000 120  14.733  
to 0.0 0.0 0.0  
L304 43.083 57.79 1.049 0.0    8.000 0.9265   7.412 Vel =  21.45 
L304 43.083    25.80 1.25 1E 3.0    5.417 120  22.145  
to 1T 6.0    9.000  -0.397  
MN30 44 83.59 1.38 0.0   14.417 0.4824   6.955 Vel =  17.93 
0.0  
MN30    83.59  28.703 K Factor =  15.60 
L305 43.083    18.08 1 0.0    8.000 120  10.774  
to 0.0 0.0 0.0  
L306 43.083 18.08 1.049 0.0    8.000 0.1080   0.864 Vel =   6.71 
L306 43.083    18.78 1 0.0    8.000 120  11.638  
to 0.0 0.0 0.0  
L307 43.083 36.86 1.049 0.0    8.000 0.4032   3.226 Vel =  13.68 
L307 43.083    21.18 1 0.0    8.000 120  14.864  
to 0.0 0.0 0.0  
L308 43.083 58.04 1.049 0.0    8.000 0.9341   7.473 Vel =  21.55 
L308 43.083    25.92 1.25 1E 3.0    5.417 120  22.337  
to 1T 6.0    9.000  -0.397  
MN31 44 83.96 1.38 0.0   14.417 0.4863   7.011 Vel =  18.01 
0.0  
MN31    83.96  28.951 K Factor =  15.60 
L309 43.083    18.31 1 0.0    8.000 120  11.051  
to 0.0 0.0 0.0  
L310 43.083 18.31 1.049 0.0    8.000 0.1105   0.884 Vel =   6.80 
L310 43.083    19.01 1 0.0    8.000 120  11.935  
to 0.0 0.0 0.0  
L311 43.083 37.32 1.049 0.0    8.000 0.4126   3.301 Vel =  13.85 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
L311 43.083    21.64 1 0.0    8.000 120  15.236  
to 0.0 0.0 0.0  
L312 43.083 58.96 1.049 0.0    8.000 0.9615   7.692 Vel =  21.89 
L312 43.083    26.25 1.25 1E 3.0    5.417 120  22.928  
to 1T 6.0    9.000  -0.397  
MN32 44 85.21 1.38 0.0   14.417 0.4998   7.206 Vel =  18.28 
0.0  
MN32    85.21  29.737 K Factor =  15.63 
*FEED MAIN 
MN30 44    83.59 2.5 0.0   12.000 120  28.703  
to 0.0 0.0 0.0  
MN31 44 83.59 2.635 0.0   12.000 0.0207   0.248 Vel =   4.92 
MN31 44    83.96 2.5 0.0   10.500 120  28.951  
to 0.0 0.0 0.0  
MN32 44 167.55 2.635 0.0   10.500 0.0749   0.786 Vel =   9.86 
MN32 44    85.21 2.5 6I 49.423  280.833 120  29.737  
to 2T 32.948   82.371   0.397  
MN35 43.083 252.76 2.635 0.0  363.204 0.1601  58.157 Vel =  14.87 
MN35 43.083 0.0 2.5 2I 16.474    9.667 120  88.291  
to 0.0   16.474 0.0  
TOR3 43.083 252.76 2.635 0.0   26.141 0.1601   4.186 Vel =  14.87 
TOR3 43.083 0.0 2.5 1C 19.22    7.083 120  92.477  
to 1B 9.61   37.067   3.068  
BOR3 36 252.76 2.635 1I 8.237   44.150 0.1601   7.069 Vel =  14.87 
BOR3 36 0.0 2.5 1T 16.474    1.000 120 102.614  
to 0.0   16.474  -0.433  
SP33 37 252.76 2.635 0.0   17.474 0.1601   2.798 Vel =  14.87 
0.0  
SP33   252.76 104.979 K Factor =  24.67 
*S/P # 1  
HV1 99.750 .0 0.0 2.5 1T 12.0    0.250 120  76.680  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
0.0  
SPRF 0.0  78.430 K Factor = 0 
HV2 99.750 .0 0.0 2.5 1T 12.0    0.250 120  76.680  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPRF 99.750 .0 0.0 6 4I 40.0   30.000 120  78.430  
to 0.0   40.000   6.388  
SP16 85 0.0 6.065 0.0   70.000 0 0.0 Vel = 0 
SP16 85 .0 0.0 6 0.0   16.000 120  84.818  
to 0.0 0.0   6.930  
SP15 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP15 69 .0 0.0 6 0.0   16.000 120  91.747  
to 0.0 0.0   6.930  
SP14 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
SP14 53 .0 0.0 6 1T 30.0    8.500 120  98.677  
to 0.0   30.000   3.465  
SP01 45 0.0 6.065 0.0   38.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 102.142 K Factor = 0 
SP13 37 .0 0.0 6 1T 30.0    7.500 120 105.607  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 102.142 K Factor = 0 
*S/P # 3 
HV3 101 .0 0.0 2.5 2E 12.0    1.750 120  75.508  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 101 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SPR3 101 .0 0.0 6 0.0   16.000 120  77.258  
to 0.0 0.0   6.930  
SP36 85 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP36 85 .0 0.0 6 0.0   16.000 120  84.188  
to 0.0 0.0   6.930  
SP35 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP35 69 .0 0.0 6 0.0   16.000 120  91.118  
to 0.0 0.0   6.930  
SP34 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP34 53 H50    50.00 6 0.0   16.000 120  98.047  
to 0.0 0.0   6.930  
SP33 37 50.0 6.065 0.0   16.000 0.0001   0.002 Vel =   0.56 
SP33 37 H50   302.76 6 1T 30.0    8.417 120 104.979  
to 0.0   30.000   3.392  
SP05 29.167 352.76 6.065 0.0   38.417 0.0051   0.197 Vel =   3.92 
0.0  
SP05   352.76 108.568 K Factor =  33.86 
SP32 21 .0 0.0 6 1T 30.0    7.583 120 112.105  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167   352.76 6 1I 10.0   34.167 120 108.568  
to 1B 10.0   50.000 0.0  
SP03 29.167 352.76 6.065 1T 30.0   84.167 0.0051   0.431 Vel =   3.92 
0.0  
SP03   352.76 108.999 K Factor =  33.79 
*STANDPIPE FEED 
SP01 45 .0 0.0 6 1B 10.0   34.417 120 102.142  
to 6I 60.0   70.000   7.399  
SP02 27.917 0.0 6.065 0.0  104.417 0 0.0 Vel = 0 
SP02 27.917 .0 0.0 6 2I 20.0  235.417 120 109.540  
to 0.0   20.000  -0.541  
SP03 29.167 0.0 6.065 0.0  255.417 0 0.0 Vel = 0 
SP03 29.167   352.76 6 4I 40.0   27.500 120 108.999  
to 0.0   40.000   0.469  
SP04 28.083 352.76 6.065 0.0   67.500 0.0051   0.346 Vel =   3.92 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
SP04 28.083 0.0 6 2I 20.0   79.330 120 109.814  
to 0.0   20.000   6.677  
SPC1 12.667 352.76 6.065 0.0   99.330 0.0051   0.508 Vel =   3.92 
SPC1 12.667 0.0 6 1T 30.0    7.833 120 116.999  
to 0.0   30.000 0.0  
SPC2 12.667 352.76 6.065 0.0   37.833 0.0051   0.194 Vel =   3.92 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 117.193  
to 1B 12.0   70.000   4.692  
PO 1.833 352.76 7.981 1C 45.0   84.750 0.0013   0.114 Vel =   2.26 
0.0  
PO   352.76 121.999 K Factor =  31.94 
System Demand Pressure 121.999 
Safety Margin  53.231 
Continuation Pressure 175.230 
Pressure @ Pump Outlet 175.230 
Pressure From Pump Curve -124.353 
Pressure @ Pump Inlet  50.877 
PI 1.750 0.0 8 1G 4.0   14.000 120  50.877  
to 1I 13.0   52.000  -2.166  
POC 6.750 352.76 7.981 1T 35.0   66.000 0.0013   0.089 Vel =   2.26 
POC 6.750 0.0 8 2E 56.936   41.000 140  48.800  
to 0.0   56.936  -2.707  
BF1 13 352.76 8.27 0.0   97.936 0.0008   0.083 Vel =   2.11 
BF1 13 0.0 8 1Zic 0.0    4.000 120  46.176  
to 0.0 0.0   6.024 * Fixed loss = 6.024 
BF2 13 352.76 7.981 0.0    4.000 0.0015   0.006 Vel =   2.26 
BF2 13 0.0 8 2E 56.936   46.000 140  52.206  
to 1G 6.326  118.616 0.0  
SRC 13 352.76 8.27 1T 55.354  164.616 0.0009   0.140 Vel =   2.11 
  150.00 Qa =   150.00 
SRC   502.76  52.346 K Factor =  69.49 
Final Calculations - Hazen-Williams - 2007
Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science LVL 3 [R/A=2] 
Building : FP-6.03E 
Location : San Luis Obispo,  Ca. 
System : 3-2 
Contract : 10034 
Data File : Cal Poly CFS LVL 3-2.WXF 
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Project name: Cal Poly Center For Science 
Location: San Luis Obispo,  Ca. 




Remote area number: 3-2 
Remote area location: 3 rd. Floor Laboratory 
Occupancy classification: Oridinary Hazard Gr. 1 
Density: 0.15 - Gpm/SqFt 
Area of application: 1135 - SqFt 
Coverage per sprinkler: 130 - SqFt 
Type of sprinklers calculated: Tyco; Mod. TY-FRB; 1/2"; 1/2";K=5.6; 155 Deg 
No. of sprinklers calculated: 10 
In-rack demand: N/A - GPM 
Hose streams: 250 - GPM 
Total water required (including hose streams): 483.54 - GPM @ 3.22 - Psi 
Type of system: WET 
Volume of dry or preaction system: N/A - Gal 
 
Water supply information 
Date: 8-19-2011 
Location: N. Poly View Drive  
Source: Fluid Resource Management 
 
Name of contractor: Aero Automatic Sprinkler Co. 
Address: 21605 N. Central Ave.  Phoenix, Az. 85024 
Phone number: 623-580-7847 
Name of designer: Neal Larsen 
Authority having jurisdiction: C.S.F.M. 
Notes: (Include peaking information or gridded systems here.) Flow Test Information : 
Hydrant # 63; Static = 60 psi; Res.= 55 psi {Elev.=351.0'} 
Hydrant # 64; Flow = 914 gpm 
FLOW TEST USED IN HYD. CALCS REDUCED BY 10 % [STATIC=54psi; RES.=49psi] 
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FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.696 
A2 - Adj Resid : 47.866  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  12.776 
D2 - System Flow : 233.543 
D2 - System Pressure : 126.159 
Hose ( Adj City ) : 150 
Hose ( Demand ) : 100 
D3 - System Demand : 333.543 
Safety Margin :  49.232 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
S321 42.5 5.6 10.33   na  18.0 0.15 120 7.0 
S322 42.5 5.6 11.35   na  18.86 0.15 120 7.0 
S323 42.5 5.6 15.18   na  21.82 0.15 120 7.0 
S324 42.5 5.6 24.25   na  27.58 0.15 120 7.0 
S325 42.5 5.6 29.12   na  30.22 0.15 120 7.0 
S326 42.5 5.6 10.44   na  18.09 0.15 120 7.0 
S327 42.5 5.6 11.46   na  18.96 0.15 120 7.0 
S328 42.5 5.6 15.33   na  21.93 0.15 120 7.0 
S329 42.5 5.6 24.49   na  27.71 0.15 120 7.0 
S330 42.5 5.6 29.41   na  30.37 0.15 120 7.0 
L321 43.083 10.68   na   
L322 43.083 11.75   na   
L323 43.083 15.78   na   
L324 43.083 25.32   na   
L325 43.083 30.43   na   
L326 43.083 10.79   na   
L327 43.083 11.87   na   
L328 43.083 15.94   na   
L329 43.083 25.56   na   
L330 43.083 30.73   na   
MN40 44.0 47.34   na   
MN41 44.0 47.8   na   
MN35 43.083 94.54   na   
TOR3 43.083 98.16   na   
BOR3 36.0 107.33   na   
HV1 99.75 80.95   na   
HV2 99.75 80.95   na   
SPRF 99.75 82.7   na   
SP16 85.0 89.09   na   
SP15 69.0 96.02   na   
SP14 53.0 102.95   na   
SP13 37.0 109.88   na   
HV3 101.0 79.84   na   
SPR3 101.0 81.59   na   
SP36 85.0 88.52   na   
SP35 69.0 95.45   na   
SP34 53.0 102.38   na  50.0  
SP33 37.0 109.32   na  50.0  
SP32 21.0 116.42   na   
SP05 29.167 112.88   na   
SP01 45.0 106.42   na   
SP02 27.917 113.81   na   
SP03 29.167 113.27   na   
SP04 28.083 114.05   na   
SPC1 12.667 121.19   na   
SPC2 12.667 121.36   na   
PO 1.833 126.16   na   
PI 1.75 50.96   na   
POC 6.75 48.87   na   
BF1 13.0 46.24   na   
BF2 13.0 52.33   na   
SRC 13.0 52.46   na  150.0  
The maximum velocity is 25.11 and it occurs in the pipe between nodes L330 and MN41
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*FLOWING SPRINKLER R/A # 2 
S321 42.500 5.60    18.00 1 1T 5.0    0.583 120  10.332  
to 0.0    5.000  -0.252  
L321 43.083 18.0 1.049 0.0    5.583 0.1069   0.597 Vel =   6.68 
0.0  
L321    18.00  10.677 K Factor =   5.51 
S322 42.500 5.60    18.86 1 1T 5.0    0.583 120  11.348  
to 0.0    5.000  -0.252  
L322 43.083 18.86 1.049 0.0    5.583 0.1168   0.652 Vel =   7.00 
0.0  
L322    18.86  11.748 K Factor =   5.50 
S323 42.500 5.60    21.82 1 1T 5.0    0.583 120  15.181  
to 0.0    5.000  -0.252  
L323 43.083 21.82 1.049 0.0    5.583 0.1528   0.853 Vel =   8.10 
0.0  
L323    21.82  15.782 K Factor =   5.49 
S324 42.500 5.60    27.58 1 1T 5.0    0.583 120  24.251  
to 0.0    5.000  -0.252  
L324 43.083 27.58 1.049 0.0    5.583 0.2357   1.316 Vel =  10.24 
0.0  
L324    27.58  25.315 K Factor =   5.48 
S325 42.500 5.60    30.22 1 1T 5.0    0.583 120  29.121  
to 0.0    5.000  -0.252  
L325 43.083 30.22 1.049 0.0    5.583 0.2792   1.559 Vel =  11.22 
0.0  
L325    30.22  30.428 K Factor =   5.48 
S326 42.500 5.60    18.09 1 1T 5.0    0.583 120  10.438  
to 0.0    5.000  -0.252  
L326 43.083 18.09 1.049 0.0    5.583 0.1080   0.603 Vel =   6.72 
0.0  
L326    18.09  10.789 K Factor =   5.51 
S327 42.500 5.60    18.96 1 1T 5.0    0.583 120  11.464  
to 0.0    5.000  -0.252  
L327 43.083 18.96 1.049 0.0    5.583 0.1179   0.658 Vel =   7.04 
0.0  
L327    18.96  11.870 K Factor =   5.50 
S328 42.500 5.60    21.93 1 1T 5.0    0.583 120  15.333  
to 0.0    5.000  -0.252  
L328 43.083 21.93 1.049 0.0    5.583 0.1542   0.861 Vel =   8.14 
0.0  
L328    21.93  15.942 K Factor =   5.49 
S329 42.500 5.60    27.71 1 1T 5.0    0.583 120  24.490  
to 0.0    5.000  -0.252  
L329 43.083 27.71 1.049 0.0    5.583 0.2377   1.327 Vel =  10.29 
0.0  
L329    27.71  25.565 K Factor =   5.48 
S330 42.500 5.60    30.37 1 1T 5.0    0.583 120  29.406  
to 0.0    5.000  -0.252  
L330 43.083 30.37 1.049 0.0    5.583 0.2816   1.572 Vel =  11.27 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
L330    30.37  30.726 K Factor =   5.48 
*BRANCH LINES R/A # 2 
L321 43.083    18.00 1 0.0   10.000 120  10.677  
to 0.0 0.0 0.0  
L322 43.083 18.0 1.049 0.0   10.000 0.1071   1.071 Vel =   6.68 
L322 43.083    18.86 1 0.0   10.000 120  11.748  
to 0.0 0.0 0.0  
L323 43.083 36.86 1.049 0.0   10.000 0.4034   4.034 Vel =  13.68 
L323 43.083    21.82 1 0.0   10.000 120  15.782  
to 0.0 0.0 0.0  
L324 43.083 58.68 1.049 0.0   10.000 0.9533   9.533 Vel =  21.78 
L324 43.083    27.58 1.25 0.0   10.000 120  25.315  
to 0.0 0.0 0.0  
L325 43.083 86.26 1.38 0.0   10.000 0.5113   5.113 Vel =  18.50 
L325 43.083    30.22 1.25 1E 3.0   10.417 120  30.428  
to 1T 6.0    9.000  -0.397  
MN40 44 116.48 1.38 0.0   19.417 0.8913  17.306 Vel =  24.99 
0.0  
MN40   116.48  47.337 K Factor =  16.93 
L326 43.083    18.09 1 0.0   10.000 120  10.789  
to 0.0 0.0 0.0  
L327 43.083 18.09 1.049 0.0   10.000 0.1081   1.081 Vel =   6.72 
L327 43.083    18.96 1 0.0   10.000 120  11.870  
to 0.0 0.0 0.0  
L328 43.083 37.05 1.049 0.0   10.000 0.4072   4.072 Vel =  13.75 
L328 43.083    21.93 1 0.0   10.000 120  15.942  
to 0.0 0.0 0.0  
L329 43.083 58.98 1.049 0.0   10.000 0.9623   9.623 Vel =  21.89 
L329 43.083    27.72 1.25 0.0   10.000 120  25.565  
to 0.0 0.0 0.0  
L330 43.083 86.7 1.38 0.0   10.000 0.5161   5.161 Vel =  18.60 
L330 43.083    30.36 1.25 1E 3.0   10.417 120  30.726  
to 1T 6.0    9.000  -0.397  
MN41 44 117.06 1.38 0.0   19.417 0.8995  17.466 Vel =  25.11 
0.0  
MN41   117.06  47.795 K Factor =  16.93 
*FEED MAIN 
MN40 44   116.48 2.5 0.0   12.000 120  47.337  
to 0.0 0.0 0.0  
MN41 44 116.48 2.635 0.0   12.000 0.0382   0.458 Vel =   6.85 
MN41 44   117.06 2.5 4I 32.948  252.667 120  47.795  
to 3T 49.423   82.371   0.397  
MN35 43.083 233.54 2.635 0.0  335.038 0.1383  46.348 Vel =  13.74 
MN35 43.083 0.0 2.5 2I 16.474    9.667 120  94.540  
to 0.0   16.474 0.0  
TOR3 43.083 233.54 2.635 0.0   26.141 0.1383   3.616 Vel =  13.74 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
TOR3 43.083 0.0 2.5 1C 19.22    7.083 120  98.156  
to 1B 9.61   37.067   3.068  
BOR3 36 233.54 2.635 1I 8.237   44.150 0.1383   6.107 Vel =  13.74 
BOR3 36 0.0 2.5 1T 16.474    1.000 120 107.331  
to 0.0   16.474  -0.433  
SP33 37 233.54 2.635 0.0   17.474 0.1383   2.417 Vel =  13.74 
0.0  
SP33   233.54 109.315 K Factor =  22.34 
*S/P # 1  
HV1 99.750 .0 0.0 2.5 1T 12.0    0.250 120  80.954  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
0.0  
SPRF 0.0  82.704 K Factor = 0 
HV2 99.750 .0 0.0 2.5 1T 12.0    0.250 120  80.954  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPRF 99.750 .0 0.0 6 4I 40.0   30.000 120  82.704  
to 0.0   40.000   6.388  
SP16 85 0.0 6.065 0.0   70.000 0 0.0 Vel = 0 
SP16 85 .0 0.0 6 0.0   16.000 120  89.092  
to 0.0 0.0   6.930  
SP15 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP15 69 .0 0.0 6 0.0   16.000 120  96.021  
to 0.0 0.0   6.930  
SP14 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP14 53 .0 0.0 6 1T 30.0    8.500 120 102.951  
to 0.0   30.000   3.465  
SP01 45 0.0 6.065 0.0   38.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 106.416 K Factor = 0 
SP13 37 .0 0.0 6 1T 30.0    7.500 120 109.881  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 106.416 K Factor = 0 
*S/P # 3 
HV3 101 .0 0.0 2.5 2E 12.0    1.750 120  79.844  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 101 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SPR3 101 .0 0.0 6 0.0   16.000 120  81.594  
to 0.0 0.0   6.930  
SP36 85 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP36 85 .0 0.0 6 0.0   16.000 120  88.524  
to 0.0 0.0   6.930  
SP35 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP35 69 .0 0.0 6 0.0   16.000 120  95.454  
to 0.0 0.0   6.930  
SP34 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
SP34 53 H50    50.00 6 0.0   16.000 120 102.383  
to 0.0 0.0   6.930  
SP33 37 50.0 6.065 0.0   16.000 0.0001   0.002 Vel =   0.56 
SP33 37 H50   283.54 6 1T 30.0    8.417 120 109.315  
to 0.0   30.000   3.392  
SP05 29.167 333.54 6.065 0.0   38.417 0.0046   0.178 Vel =   3.70 
0.0  
SP05   333.54 112.885 K Factor =  31.39 
SP32 21 .0 0.0 6 1T 30.0    7.583 120 116.422  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167   333.54 6 1I 10.0   34.167 120 112.885  
to 1B 10.0   50.000 0.0  
SP03 29.167 333.54 6.065 1T 30.0   84.167 0.0046   0.388 Vel =   3.70 
0.0  
SP03   333.54 113.273 K Factor =  31.34 
*STANDPIPE FEED 
SP01 45 .0 0.0 6 1B 10.0   34.417 120 106.416  
to 6I 60.0   70.000   7.399  
SP02 27.917 0.0 6.065 0.0  104.417 0 0.0 Vel = 0 
SP02 27.917 .0 0.0 6 2I 20.0  235.417 120 113.814  
to 0.0   20.000  -0.541  
SP03 29.167 0.0 6.065 0.0  255.417 0 0.0 Vel = 0 
SP03 29.167   333.54 6 4I 40.0   27.500 120 113.273  
to 0.0   40.000   0.469  
SP04 28.083 333.54 6.065 0.0   67.500 0.0046   0.312 Vel =   3.70 
SP04 28.083 0.0 6 2I 20.0   79.330 120 114.054  
to 0.0   20.000   6.677  
SPC1 12.667 333.54 6.065 0.0   99.330 0.0046   0.458 Vel =   3.70 
SPC1 12.667 0.0 6 1T 30.0    7.833 120 121.189  
to 0.0   30.000 0.0  
SPC2 12.667 333.54 6.065 0.0   37.833 0.0046   0.175 Vel =   3.70 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 121.364  
to 1B 12.0   70.000   4.692  
PO 1.833 333.54 7.981 1C 45.0   84.750 0.0012   0.103 Vel =   2.14 
0.0  
PO   333.54 126.159 K Factor =  29.70 
System Demand Pressure 126.159 
Safety Margin  49.232 
Continuation Pressure 175.391 
Pressure @ Pump Outlet 175.391 
Pressure From Pump Curve -124.434 
Pressure @ Pump Inlet  50.957 
PI 1.750 0.0 8 1G 4.0   14.000 120  50.957  
to 1I 13.0   52.000  -2.166  
POC 6.750 333.54 7.981 1T 35.0   66.000 0.0012   0.081 Vel =   2.14 
POC 6.750 0.0 8 2E 56.936   41.000 140  48.872  
to 0.0   56.936  -2.707  
BF1 13 333.54 8.27 0.0   97.936 0.0008   0.075 Vel =   1.99 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
BF1 13 0.0 8 1Zic 0.0    4.000 120  46.240  
to 0.0 0.0   6.090 * Fixed loss = 6.09 
BF2 13 333.54 7.981 0.0    4.000 0.0012   0.005 Vel =   2.14 
BF2 13 0.0 8 2E 56.936   46.000 140  52.335  
to 1G 6.326  118.616 0.0  
SRC 13 333.54 8.27 1T 55.354  164.616 0.0008   0.126 Vel =   1.99 
  150.00 Qa =   150.00 
SRC   483.54  52.461 K Factor =  66.76 
Final Calculations - Hazen-Williams - 2007
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science LVL 6 [R/A=1] 
Building : FP-6.06E 
Location : San Luis Obispo,  Ca. 
System : 6-1 
Contract : 10034 
Data File : Cal Poly CFS LVL 6-1.WXF 
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Project name: Cal Poly Center For Science 
Location: San Luis Obispo,  Ca. 




Remote area number: 6-1 
Remote area location: 6 th. Floor Laboratory 
Occupancy classification: Ordinary Hazard Gr. 1 
Density: 0.15 - Gpm/SqFt 
Area of application: 940 - SqFt 
Coverage per sprinkler: 130 - SqFt 
Type of sprinklers calculated: Tyco; Mod. TY-FRB; 1/2"; 1/2";K=5.6; 155 Deg 
No. of sprinklers calculated: 10 
In-rack demand: N/A - GPM 
Hose streams: 250 - GPM 
Total water required (including hose streams): 483.15 - GPM @ 12.35 - Psi 
Type of system: WET 
Volume of dry or preaction system: N/A - Gal 
 
Water supply information 
Date: 8-19-2011 
Location: N. Poly View Drive  
Source: Fluid Resource Management 
 
Name of contractor: Aero Automatic Sprinkler Co. 
Address: 21605 N. Central Ave.  Phoenix, Az. 85024 
Phone number: 623-580-7847 
Name of designer: Neal Larsen 
Authority having jurisdiction: C.S.F.M. 
Notes: (Include peaking information or gridded systems here.) Flow Test Information : 
Hydrant # 63; Static = 60 psi; Res.= 55 psi {Elev.=351.0'} 
Hydrant # 64; Flow = 914 gpm 
FLOW TEST USED IN HYD. CALCS REDUCED BY 10 % [STATIC=54psi; RES.=49psi] 
NOTE : REMOTE AREA REDUCED BY 39.25% [Q.R HEADS & C.H.=10'-6"] 912 SQ.FT. MIN.
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200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.696 
A2 - Adj Resid : 47.866  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  33.565 
D2 - System Flow : 233.159 
D2 - System Pressure : 135.285 
Hose ( Adj City ) : 150 
Hose ( Demand ) : 100 
D3 - System Demand : 333.159 
Safety Margin :  40.106 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
S601 90.5 5.6 12.12   na  19.5 0.15 130 7.0 
S602 90.5 5.6 13.07   na  20.25 0.15 130 7.0 
S603 90.5 5.6 16.6   na  22.81 0.15 130 7.0 
S604 90.5 5.6 24.77   na  27.87 0.15 130 7.0 
S605 90.5 5.6 12.24   na  19.6 0.15 130 7.0 
S606 90.5 5.6 13.2   na  20.34 0.15 130 7.0 
S607 90.5 5.6 16.76   na  22.92 0.15 130 7.0 
S608 90.5 5.6 25.01   na  28.0 0.15 130 7.0 
S609 90.5 5.6 20.5   na  25.35 0.15 130 7.0 
S610 90.5 5.6 22.4   na  26.5 0.15 130 7.0 
L601 91.0 12.59   na   
L602 91.0 13.58   na   
L603 91.0 17.29   na   
L604 91.0 25.88   na   
L605 91.0 12.72   na   
L606 91.0 13.72   na   
L607 91.0 17.46   na   
L608 91.0 26.13   na   
L609 91.0 21.59   na   
L610 91.0 23.61   na   
MN01 92.0 35.21   na   
MN02 92.0 35.21   na   
MN03 92.0 35.41   na   
MN04 92.0 35.54   na   
MN05 92.0 36.08   na   
MN06 92.0 36.45   na   
MN07 92.0 37.52   na   
MN08 92.0 37.69   na   
MN09 92.0 39.17   na   
MN10 92.0 39.34   na   
MN11 92.0 41.0   na   
MN12 93.333 65.62   na   
MN13 93.333 73.55   na   
MN14 91.083 82.72   na   
TOR6 91.083 86.32   na   
BOR6 84.0 95.48   na   
HV1 99.75 90.08   na   
HV2 99.75 90.08   na   
SPRF 99.75 91.83   na   
SP16 85.0 98.22   na   
SP15 69.0 105.15   na   
SP14 53.0 112.08   na   
SP13 37.0 119.01   na   
HV3 101.0 88.77   na   
SPR3 101.0 90.52   na   
SP36 85.0 97.45   na  50.0  
SP35 69.0 104.44   na  50.0  
SP34 53.0 111.44   na   
SP33 37.0 118.44   na   
SP32 21.0 125.55   na   
SP05 29.167 122.01   na   
SP01 45.0 115.54   na   
SP02 27.917 122.94   na   
SP03 29.167 122.4   na   
SP04 28.083 123.18   na   
SPC1 12.667 130.32   na   
SPC2 12.667 130.49   na   
PO 1.833 135.28   na   
PI 1.75 50.96   na   
POC 6.75 48.87   na   
BF1 13.0 46.24   na   
BF2 13.0 52.34   na   
Pressure / Flow Summary - STANDARD
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
SRC 13.0 52.46   na  150.0  
The maximum velocity is 23.34 and it occurs in the pipe between nodes L607 and L608
Flow Summary - Standard
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*FLOWING SPRINKLER R/A # 1 # 
S601 90.5 5.60    19.50 1 1T 5.0    0.500 120  12.125  
to 0.0    5.000  -0.217  
L601 91 19.5 1.049 0.0    5.500 0.1244   0.684 Vel =   7.24 
0.0  
L601    19.50  12.592 K Factor =   5.50 
S602 90.5 5.60    20.24 1 1T 5.0    0.500 120  13.070  
to 0.0    5.000  -0.217  
L602 91 20.24 1.049 0.0    5.500 0.1331   0.732 Vel =   7.51 
0.0  
L602    20.24  13.585 K Factor =   5.49 
S603 90.5 5.60    22.81 1 1T 5.0    0.500 120  16.598  
to 0.0    5.000  -0.217  
L603 91 22.81 1.049 0.0    5.500 0.1660   0.913 Vel =   8.47 
0.0  
L603    22.81  17.294 K Factor =   5.49 
S604 90.5 5.60    27.87 1 1T 5.0    0.500 120  24.772  
to 0.0    5.000  -0.217  
L604 91 27.87 1.049 0.0    5.500 0.2405   1.323 Vel =  10.35 
0.0  
L604    27.87  25.878 K Factor =   5.48 
S605 90.5 5.60    19.60 1 1T 5.0    0.500 120  12.245  
to 0.0    5.000  -0.217  
L605 91 19.6 1.049 0.0    5.500 0.1255   0.690 Vel =   7.28 
0.0  
L605    19.60  12.718 K Factor =   5.50 
S606 90.5 5.60    20.34 1 1T 5.0    0.500 120  13.198  
to 0.0    5.000  -0.217  
L606 91 20.34 1.049 0.0    5.500 0.1344   0.739 Vel =   7.55 
0.0  
L606    20.34  13.720 K Factor =   5.49 
S607 90.5 5.60    22.92 1 1T 5.0    0.500 120  16.758  
to 0.0    5.000  -0.217  
L607 91 22.92 1.049 0.0    5.500 0.1676   0.922 Vel =   8.51 
0.0  
L607    22.92  17.463 K Factor =   5.48 
S608 90.5 5.60    28.00 1 1T 5.0    0.500 120  25.008  
to 0.0    5.000  -0.217  
L608 91 28.0 1.049 0.0    5.500 0.2427   1.335 Vel =  10.39 
0.0  
L608    28.00  26.126 K Factor =   5.48 
S609 90.5 5.60    25.35 1 1T 5.0    1.500 120  20.496  
to 0.0    5.000  -0.217  
L609 91 25.35 1.049 0.0    6.500 0.2018   1.312 Vel =   9.41 
0.0  
L609    25.35  21.591 K Factor =   5.46 
S610 90.5 5.60    26.50 1 1T 5.0    1.500 120  22.401  
to 0.0    5.000  -0.217  
L610 91 26.5 1.049 0.0    6.500 0.2192   1.425 Vel =   9.84 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
L610    26.50  23.609 K Factor =   5.45 
*BRANCH LINES R/A # 1 
L601 91    19.50 1 0.0    8.000 120  12.592  
to 0.0 0.0 0.0  
L602 91 19.5 1.049 0.0    8.000 0.1241   0.993 Vel =   7.24 
L602 91    20.24 1 0.0    8.000 120  13.585  
to 0.0 0.0 0.0  
L603 91 39.74 1.049 0.0    8.000 0.4636   3.709 Vel =  14.75 
L603 91    22.82 1 0.0    8.000 120  17.294  
to 0.0 0.0 0.0  
L604 91 62.56 1.049 0.0    8.000 1.0730   8.584 Vel =  23.22 
L604 91    27.87 1.25 1E 3.0    8.500 120  25.878  
to 1T 6.0    9.000  -0.433  
MN02 92 90.43 1.38 0.0   17.500 0.5580   9.765 Vel =  19.40 
0.0  
MN02    90.43  35.210 K Factor =  15.24 
L605 91    19.60 1 0.0    8.000 120  12.718  
to 0.0 0.0 0.0  
L606 91 19.6 1.049 0.0    8.000 0.1252   1.002 Vel =   7.28 
L606 91    20.34 1 0.0    8.000 120  13.720  
to 0.0 0.0 0.0  
L607 91 39.94 1.049 0.0    8.000 0.4679   3.743 Vel =  14.83 
L607 91    22.93 1 0.0    8.000 120  17.463  
to 0.0 0.0 0.0  
L608 91 62.87 1.049 0.0    8.000 1.0829   8.663 Vel =  23.34 
L608 91    28.00 1.25 1E 3.0    8.500 120  26.126  
to 1T 6.0    9.000  -0.433  
MN04 92 90.87 1.38 0.0   17.500 0.5630   9.852 Vel =  19.49 
0.0  
MN04    90.87  35.545 K Factor =  15.24 
L609 91    25.35 1 0.0   10.000 120  21.591  
to 0.0 0.0 0.0  
L610 91 25.35 1.049 0.0   10.000 0.2018   2.018 Vel =   9.41 
L610 91    26.51 1 1E 2.0   10.500 120  23.609  
to 1T 5.0    7.000  -0.433  
MN06 92 51.86 1.049 0.0   17.500 0.7583  13.271 Vel =  19.25 
0.0  
MN06    51.86  36.447 K Factor =   8.59 
*FEED MAIN 
MN01 92 .0 0.0 2.5 0.0    3.833 120  35.210  
to 0.0 0.0 0.0  
MN02 92 0.0 2.635 0.0    3.833 0 0.0 Vel = 0 
MN02 92    90.43 2.5 0.0    8.167 120  35.210  
to 0.0 0.0 0.0  
MN03 92 90.43 2.635 0.0    8.167 0.0240   0.196 Vel =   5.32 
MN03 92 0.0 2.5 0.0    5.833 120  35.406  
to 0.0 0.0 0.0  
MN04 92 90.43 2.635 0.0    5.833 0.0238   0.139 Vel =   5.32 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
MN04 92    90.87 2.5 0.0    6.167 120  35.545  
to 0.0 0.0 0.0  
MN05 92 181.3 2.635 0.0    6.167 0.0866   0.534 Vel =  10.67 
MN05 92 0.0 2.5 0.0    4.250 120  36.079  
to 0.0 0.0 0.0  
MN06 92 181.3 2.635 0.0    4.250 0.0866   0.368 Vel =  10.67 
MN06 92    51.86 2.5 0.0    7.750 120  36.447  
to 0.0 0.0 0.0  
MN07 92 233.16 2.635 0.0    7.750 0.1379   1.069 Vel =  13.72 
MN07 92 0.0 2.5 0.0    1.250 120  37.516  
to 0.0 0.0 0.0  
MN08 92 233.16 2.635 0.0    1.250 0.1376   0.172 Vel =  13.72 
MN08 92 0.0 2.5 0.0   10.750 120  37.688  
to 0.0 0.0 0.0  
MN09 92 233.16 2.635 0.0   10.750 0.1380   1.483 Vel =  13.72 
MN09 92 0.0 2.5 0.0    1.250 120  39.171  
to 0.0 0.0 0.0  
MN10 92 233.16 2.635 0.0    1.250 0.1376   0.172 Vel =  13.72 
MN10 92 0.0 2.5 0.0   12.000 120  39.343  
to 0.0 0.0 0.0  
MN11 92 233.16 2.635 0.0   12.000 0.1379   1.655 Vel =  13.72 
MN11 92 0.0 2.5 2I 16.474  149.750 120  40.998  
to 1T 16.474   32.948  -0.577  
MN12 93.333 233.16 2.635 0.0  182.698 0.1379  25.197 Vel =  13.72 
MN12 93.333 0.0 2.5 1I 8.237   32.833 120  65.618  
to 1T 16.474   24.711 0.0  
MN13 93.333 233.16 2.635 0.0   57.544 0.1379   7.936 Vel =  13.72 
MN13 93.333 0.0 2.5 2I 16.474   26.417 120  73.554  
to 1T 16.474   32.948   0.974  
MN14 91.083 233.16 2.635 0.0   59.365 0.1379   8.188 Vel =  13.72 
MN14 91.083 0.0 2.5 2I 16.474    9.667 120  82.716  
to 0.0   16.474 0.0  
TOR6 91.083 233.16 2.635 0.0   26.141 0.1379   3.605 Vel =  13.72 
TOR6 91.083 0.0 2.5 1C 19.22    7.083 120  86.321  
to 1B 9.61   37.067   3.068  
BOR6 84 233.16 2.635 1I 8.237   44.150 0.1379   6.088 Vel =  13.72 
BOR6 84 0.0 2.5 1T 16.474    1.000 120  95.477  
to 0.0   16.474  -0.433  
SP36 85 233.16 2.635 0.0   17.474 0.1379   2.410 Vel =  13.72 
0.0  
SP36   233.16  97.454 K Factor =  23.62 
*S/P # 1  
HV1 99.750 .0 0.0 2.5 1T 12.0    0.250 120  90.082  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
0.0  
SPRF 0.0  91.832 K Factor = 0 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
HV2 99.750 .0 0.0 2.5 1T 12.0    0.250 120  90.082  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPRF 99.750 .0 0.0 6 4I 40.0   30.000 120  91.832  
to 0.0   40.000   6.388  
SP16 85 0.0 6.065 0.0   70.000 0 0.0 Vel = 0 
SP16 85 .0 0.0 6 0.0   16.000 120  98.220  
to 0.0 0.0   6.930  
SP15 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP15 69 .0 0.0 6 0.0   16.000 120 105.150  
to 0.0 0.0   6.930  
SP14 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP14 53 .0 0.0 6 1T 30.0    8.500 120 112.080  
to 0.0   30.000   3.465  
SP01 45 0.0 6.065 0.0   38.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 115.545 K Factor = 0 
SP13 37 .0 0.0 6 1T 30.0    7.500 120 119.009  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 115.544 K Factor = 0 
*S/P # 3 
HV3 101 .0 0.0 2.5 2E 12.0    1.750 120  88.774  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 101 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SPR3 101 .0 0.0 6 0.0   16.000 120  90.524  
to 0.0 0.0   6.930  
SP36 85 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP36 85 H50   283.16 6 0.0   16.000 120  97.454  
to 0.0 0.0   6.930  
SP35 69 283.16 6.065 0.0   16.000 0.0034   0.054 Vel =   3.14 
SP35 69 H50    50.00 6 0.0   16.000 120 104.438  
to 0.0 0.0   6.930  
SP34 53 333.16 6.065 0.0   16.000 0.0046   0.074 Vel =   3.70 
SP34 53 0.0 6 0.0   16.000 120 111.442  
to 0.0 0.0   6.930  
SP33 37 333.16 6.065 0.0   16.000 0.0046   0.073 Vel =   3.70 
SP33 37 0.0 6 1T 30.0    8.417 120 118.445  
to 0.0   30.000   3.392  
SP05 29.167 333.16 6.065 0.0   38.417 0.0046   0.177 Vel =   3.70 
0.0  
SP05   333.16 122.014 K Factor =  30.16 
SP32 21 .0 0.0 6 1T 30.0    7.583 120 125.551  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167   333.16 6 1I 10.0   34.167 120 122.014  
to 1B 10.0   50.000 0.0  
SP03 29.167 333.16 6.065 1T 30.0   84.167 0.0046   0.388 Vel =   3.70 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
SP03   333.16 122.402 K Factor =  30.11 
*STANDPIPE FEED 
SP01 45 .0 0.0 6 1B 10.0   34.417 120 115.544  
to 6I 60.0   70.000   7.399  
SP02 27.917 0.0 6.065 0.0  104.417 0 0.0 Vel = 0 
SP02 27.917 .0 0.0 6 2I 20.0  235.417 120 122.943  
to 0.0   20.000  -0.541  
SP03 29.167 0.0 6.065 0.0  255.417 0 0.0 Vel = 0 
SP03 29.167   333.16 6 4I 40.0   27.500 120 122.402  
to 0.0   40.000   0.469  
SP04 28.083 333.16 6.065 0.0   67.500 0.0046   0.311 Vel =   3.70 
SP04 28.083 0.0 6 2I 20.0   79.330 120 123.182  
to 0.0   20.000   6.677  
SPC1 12.667 333.16 6.065 0.0   99.330 0.0046   0.457 Vel =   3.70 
SPC1 12.667 0.0 6 1T 30.0    7.833 120 130.316  
to 0.0   30.000 0.0  
SPC2 12.667 333.16 6.065 0.0   37.833 0.0046   0.174 Vel =   3.70 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 130.490  
to 1B 12.0   70.000   4.692  
PO 1.833 333.16 7.981 1C 45.0   84.750 0.0012   0.103 Vel =   2.14 
0.0  
PO   333.16 135.285 K Factor =  28.64 
System Demand Pressure 135.285 
Safety Margin  40.106 
Continuation Pressure 175.391 
Pressure @ Pump Outlet 175.391 
Pressure From Pump Curve -124.435 
Pressure @ Pump Inlet  50.956 
PI 1.750 0.0 8 1G 4.0   14.000 120  50.956  
to 1I 13.0   52.000  -2.166  
POC 6.750 333.16 7.981 1T 35.0   66.000 0.0012   0.081 Vel =   2.14 
POC 6.750 0.0 8 2E 56.936   41.000 140  48.871  
to 0.0   56.936  -2.707  
BF1 13 333.16 8.27 0.0   97.936 0.0008   0.075 Vel =   1.99 
BF1 13 0.0 8 1Zic 0.0    4.000 120  46.239  
to 0.0 0.0   6.093 * Fixed loss = 6.093 
BF2 13 333.16 7.981 0.0    4.000 0.0012   0.005 Vel =   2.14 
BF2 13 0.0 8 2E 56.936   46.000 140  52.337  
to 1G 6.326  118.616 0.0  
SRC 13 333.16 8.27 1T 55.354  164.616 0.0008   0.125 Vel =   1.99 
  150.00 Qa =   150.00 
SRC   483.16  52.462 K Factor =  66.71 
Final Calculations - Hazen-Williams - 2007
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science LVL 6 [R/A=2] 
Building : FP-6.06E 
Location : San Luis Obispo,  Ca. 
System : 6-2 
Contract : 10034 
Data File : Cal Poly CFS LVL 6-2.WXF 
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Project name: Cal Poly Center For Science 
Location: San Luis Obispo,  Ca. 




Remote area number: 6-2 
Remote area location: 6 th. Cooridor 
Occupancy classification: Light Hazard 
Density: 0.10 - Gpm/SqFt 
Area of application: 5 Heads   - SqFt 
Coverage per sprinkler: 225 - SqFt 
Type of sprinklers calculated: Tyco; Mod. TY-FRB; 1/2"; 1/2";K=5.6; 155 Deg 
No. of sprinklers calculated: 5 
In-rack demand: N/A - GPM 
Hose streams: 100 - GPM 
Total water required (including hose streams): 213.09 - GPM @ -51.52 - Psi 
Type of system: WET 
Volume of dry or preaction system: N/A - Gal 
 
Water supply information 
Date: 8-19-2011 
Location: N. Poly View Drive  
Source: Fluid Resource Management 
 
Name of contractor: Aero Automatic Sprinkler Co. 
Address: 21605 N. Central Ave.  Phoenix, Az. 85024 
Phone number: 623-580-7847 
Name of designer: Neal Larsen 
Authority having jurisdiction: C.S.F.M. 
Notes: (Include peaking information or gridded systems here.) Flow Test Information : 
Hydrant # 63; Static = 60 psi; Res.= 55 psi {Elev.=351.0'} 
Hydrant # 64; Flow = 914 gpm 
FLOW TEST USED IN HYD. CALCS REDUCED BY 10 % [STATIC=54psi; RES.=49psi] 
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FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.872 
A2 - Adj Resid : 49.314  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  33.132 
D2 - System Flow : 113.099 
D2 - System Pressure :  71.563 
Hose ( Adj City ) : _______
Hose ( Demand ) : 100 
D3 - System Demand : 213.099 
Safety Margin : 105.185 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
S621 89.5 5.6 16.14   na  22.5 0.1 225 7.0 
S622 89.5 5.6 16.16   na  22.51 0.1 225 7.0 
S623 89.5 5.6 16.24   na  22.56 0.1 225 7.0 
S624 89.5 5.6 16.39   na  22.67 0.1 225 7.0 
S625 89.5 5.6 16.65   na  22.85 0.1 225 7.0 
MN01 92.0 16.68   na   
MN02 92.0 16.69   na   
MN03 92.0 16.7   na   
MN04 92.0 16.74   na   
MN05 92.0 16.78   na   
MN06 92.0 16.84   na   
MN07 92.0 16.95   na   
MN08 92.0 16.98   na   
MN09 92.0 17.23   na   
MN10 92.0 17.28   na   
MN11 92.0 17.71   na   
MN12 93.333 23.74   na   
MN13 93.333 25.82   na   
MN14 91.083 28.95   na   
TOR6 91.083 29.89   na   
BOR6 84.0 34.56   na   
HV1 99.75 26.95   na   
HV2 99.75 26.95   na   
SPRF 99.75 28.7   na   
SP16 85.0 35.09   na   
SP15 69.0 42.02   na   
SP14 53.0 48.94   na   
SP13 37.0 55.88   na   
HV3 101.0 26.08   na   
SPR3 101.0 27.82   na   
SP36 85.0 34.76   na  50.0  
SP35 69.0 41.7   na  50.0  
SP34 53.0 48.67   na   
SP33 37.0 55.63   na   
SP32 21.0 62.64   na   
SP05 29.167 59.1   na   
SP01 45.0 52.41   na   
SP02 27.917 59.81   na   
SP03 29.167 59.27   na   
SP04 28.083 59.87   na   
SPC1 12.667 66.75   na   
SPC2 12.667 66.83   na   
PO 1.833 71.56   na   
PI 1.75 51.9   na   
POC 6.75 49.77   na   
BF1 13.0 47.1   na   
BF2 13.0 53.61   na   
SRC 13.0 53.66   na   
The maximum velocity is 8.48 and it occurs in the pipe between nodes S625 and MN09
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*FLOWING SPRINKLER R/A # 2 
S621 89.500 5.60    22.50 1 1E 2.0    3.000 120  16.143  
to 1T 5.0    7.000  -1.083  
MN01 92 22.5 1.049 0.0   10.000 0.1619   1.619 Vel =   8.35 
0.0  
MN01    22.50  16.679 K Factor =   5.51 
S622 89.500 5.60    22.51 1 1E 2.0    3.000 120  16.163  
to 1T 5.0    7.000  -1.083  
MN03 92 22.51 1.049 0.0   10.000 0.1620   1.620 Vel =   8.36 
0.0  
MN03    22.51  16.700 K Factor =   5.51 
S623 89.500 5.60    22.56 1 1E 2.0    3.000 120  16.235  
to 1T 5.0    7.000  -1.083  
MN05 92 22.56 1.049 0.0   10.000 0.1627   1.627 Vel =   8.37 
0.0  
MN05    22.56  16.779 K Factor =   5.51 
S624 89.500 5.60    22.67 1 1E 2.0    3.000 120  16.389  
to 1T 5.0    7.000  -1.083  
MN07 92 22.67 1.049 0.0   10.000 0.1641   1.641 Vel =   8.42 
0.0  
MN07    22.67  16.947 K Factor =   5.51 
S625 89.500 5.60    22.85 1 1E 2.0    3.000 120  16.650  
to 1T 5.0    7.000  -1.083  
MN09 92 22.85 1.049 0.0   10.000 0.1666   1.666 Vel =   8.48 
0.0  
MN09    22.85  17.233 K Factor =   5.50 
*FEED MAIN 
MN01 92    22.50 2.5 0.0    3.833 120  16.679  
to 0.0 0.0 0.0  
MN02 92 22.5 2.635 0.0    3.833 0.0018   0.007 Vel =   1.32 
MN02 92 0.0 2.5 0.0    8.167 120  16.686  
to 0.0 0.0 0.0  
MN03 92 22.5 2.635 0.0    8.167 0.0017   0.014 Vel =   1.32 
MN03 92    22.51 2.5 0.0    5.833 120  16.700  
to 0.0 0.0 0.0  
MN04 92 45.01 2.635 0.0    5.833 0.0067   0.039 Vel =   2.65 
MN04 92 0.0 2.5 0.0    6.167 120  16.739  
to 0.0 0.0 0.0  
MN05 92 45.01 2.635 0.0    6.167 0.0065   0.040 Vel =   2.65 
MN05 92    22.57 2.5 0.0    4.250 120  16.779  
to 0.0 0.0 0.0  
MN06 92 67.58 2.635 0.0    4.250 0.0141   0.060 Vel =   3.98 
MN06 92 0.0 2.5 0.0    7.750 120  16.839  
to 0.0 0.0 0.0  
MN07 92 67.58 2.635 0.0    7.750 0.0139   0.108 Vel =   3.98 
MN07 92    22.67 2.5 0.0    1.250 120  16.947  
to 0.0 0.0 0.0  
MN08 92 90.25 2.635 0.0    1.250 0.0240   0.030 Vel =   5.31 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
MN08 92 0.0 2.5 0.0   10.750 120  16.977  
to 0.0 0.0 0.0  
MN09 92 90.25 2.635 0.0   10.750 0.0238   0.256 Vel =   5.31 
MN09 92    22.85 2.5 0.0    1.250 120  17.233  
to 0.0 0.0 0.0  
MN10 92 113.1 2.635 0.0    1.250 0.0360   0.045 Vel =   6.65 
MN10 92 0.0 2.5 0.0   12.000 120  17.278  
to 0.0 0.0 0.0  
MN11 92 113.1 2.635 0.0   12.000 0.0362   0.434 Vel =   6.65 
MN11 92 0.0 2.5 2I 16.474  149.750 120  17.712  
to 1T 16.474   32.948  -0.577  
MN12 93.333 113.1 2.635 0.0  182.698 0.0362   6.608 Vel =   6.65 
MN12 93.333 0.0 2.5 1I 8.237   32.833 120  23.743  
to 1T 16.474   24.711 0.0  
MN13 93.333 113.1 2.635 0.0   57.544 0.0362   2.081 Vel =   6.65 
MN13 93.333 0.0 2.5 2I 16.474   26.417 120  25.824  
to 1T 16.474   32.948   0.974  
MN14 91.083 113.1 2.635 0.0   59.365 0.0362   2.148 Vel =   6.65 
MN14 91.083 0.0 2.5 2I 16.474    9.667 120  28.946  
to 0.0   16.474 0.0  
TOR6 91.083 113.1 2.635 0.0   26.141 0.0362   0.946 Vel =   6.65 
TOR6 91.083 0.0 2.5 1C 19.22    7.083 120  29.892  
to 1B 9.61   37.067   3.068  
BOR6 84 113.1 2.635 1I 8.237   44.150 0.0361   1.596 Vel =   6.65 
BOR6 84 0.0 2.5 1T 16.474    1.000 120  34.556  
to 0.0   16.474  -0.433  
SP36 85 113.1 2.635 0.0   17.474 0.0362   0.632 Vel =   6.65 
0.0  
SP36   113.10  34.755 K Factor =  19.18 
*S/P # 1  
HV1 99.750 .0 0.0 2.5 1T 12.0    0.250 120  26.948  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
0.0  
SPRF 0.0  28.698 K Factor = 0 
HV2 99.750 .0 0.0 2.5 1T 12.0    0.250 120  26.948  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPRF 99.750 .0 0.0 6 4I 40.0   30.000 120  28.698  
to 0.0   40.000   6.388  
SP16 85 0.0 6.065 0.0   70.000 0 0.0 Vel = 0 
SP16 85 .0 0.0 6 0.0   16.000 120  35.086  
to 0.0 0.0   6.930  
SP15 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP15 69 .0 0.0 6 0.0   16.000 120  42.016  
to 0.0 0.0   6.930  
SP14 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
SP14 53 .0 0.0 6 1T 30.0    8.500 120  48.945  
to 0.0   30.000   3.465  
SP01 45 0.0 6.065 0.0   38.500 0 0.0 Vel = 0 
0.0  
SP01 0.0  52.410 K Factor = 0 
SP13 37 .0 0.0 6 1T 30.0    7.500 120  55.875  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0  52.410 K Factor = 0 
*S/P # 3 
HV3 101 .0 0.0 2.5 2E 12.0    1.750 120  26.075  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 101 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SPR3 101 .0 0.0 6 0.0   16.000 120  27.825  
to 0.0 0.0   6.930  
SP36 85 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP36 85 H50   163.10 6 0.0   16.000 120  34.755  
to 0.0 0.0   6.930  
SP35 69 163.1 6.065 0.0   16.000 0.0012   0.019 Vel =   1.81 
SP35 69 H50    50.00 6 0.0   16.000 120  41.704  
to 0.0 0.0   6.930  
SP34 53 213.1 6.065 0.0   16.000 0.0020   0.032 Vel =   2.37 
SP34 53 0.0 6 0.0   16.000 120  48.666  
to 0.0 0.0   6.930  
SP33 37 213.1 6.065 0.0   16.000 0.0020   0.032 Vel =   2.37 
SP33 37 0.0 6 1T 30.0    8.417 120  55.628  
to 0.0   30.000   3.392  
SP05 29.167 213.1 6.065 0.0   38.417 0.0020   0.078 Vel =   2.37 
0.0  
SP05   213.10  59.098 K Factor =  27.72 
SP32 21 .0 0.0 6 1T 30.0    7.583 120  62.635  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167   213.10 6 1I 10.0   34.167 120  59.098  
to 1B 10.0   50.000 0.0  
SP03 29.167 213.1 6.065 1T 30.0   84.167 0.0020   0.169 Vel =   2.37 
0.0  
SP03   213.10  59.267 K Factor =  27.68 
*STANDPIPE FEED 
SP01 45 .0 0.0 6 1B 10.0   34.417 120  52.410  
to 6I 60.0   70.000   7.399  
SP02 27.917 0.0 6.065 0.0  104.417 0 0.0 Vel = 0 
SP02 27.917 .0 0.0 6 2I 20.0  235.417 120  59.809  
to 0.0   20.000  -0.541  
SP03 29.167 0.0 6.065 0.0  255.417 0 0.0 Vel = 0 
SP03 29.167   213.10 6 4I 40.0   27.500 120  59.267  
to 0.0   40.000   0.469  
SP04 28.083 213.1 6.065 0.0   67.500 0.0020   0.137 Vel =   2.37 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
SP04 28.083 0.0 6 2I 20.0   79.330 120  59.873  
to 0.0   20.000   6.677  
SPC1 12.667 213.1 6.065 0.0   99.330 0.0020   0.200 Vel =   2.37 
SPC1 12.667 0.0 6 1T 30.0    7.833 120  66.750  
to 0.0   30.000 0.0  
SPC2 12.667 213.1 6.065 0.0   37.833 0.0020   0.076 Vel =   2.37 
SPC2 12.667 0.0 8 1I 13.0   14.750 120  66.826  
to 1B 12.0   70.000   4.692  
PO 1.833 213.1 7.981 1C 45.0   84.750 0.0005   0.045 Vel =   1.37 
0.0  
PO   213.10  71.563 K Factor =  25.19 
System Demand Pressure  71.563 
Safety Margin 105.185 
Continuation Pressure 176.748 
Pressure @ Pump Outlet 176.748 
Pressure From Pump Curve -124.845 
Pressure @ Pump Inlet  51.903 
PI 1.750 0.0 8 1G 4.0   14.000 120  51.903  
to 1I 13.0   52.000  -2.166  
POC 6.750 213.1 7.981 1T 35.0   66.000 0.0005   0.035 Vel =   1.37 
POC 6.750 0.0 8 2E 56.936   41.000 140  49.772  
to 0.0   56.936  -2.707  
BF1 13 213.1 8.27 0.0   97.936 0.0003   0.033 Vel =   1.27 
BF1 13 0.0 8 1Zic 0.0    4.000 120  47.098  
to 0.0 0.0   6.507 * Fixed loss = 6.507 
BF2 13 213.1 7.981 0.0    4.000 0.0005   0.002 Vel =   1.37 
BF2 13 0.0 8 2E 56.936   46.000 140  53.607  
to 1G 6.326  118.616 0.0  
SRC 13 213.1 8.27 1T 55.354  164.616 0.0003   0.055 Vel =   1.27 
0.0  
SRC   213.10  53.662 K Factor =  29.09 
Final Calculations - Hazen-Williams - 2007
















This page intentionally left blank. 
Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science LVL 6 [R/A=3] 
Building : FP-6.06E 
Location : San Luis Obispo,  Ca. 
System : 6-3 
Contract : 10034 
Data File : Cal Poly CFS LVL 6-3.WXF 
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Project name: Cal Poly Center For Science 
Location: San Luis Obispo,  Ca. 




Remote area number: 6-3 
Remote area location: 6 th. Floor Laboratory 
Occupancy classification: Ordinary Hazard Gr. 1 
Density: 0.15 - Gpm/SqFt 
Area of application: 920 - SqFt 
Coverage per sprinkler: 130 - SqFt 
Type of sprinklers calculated: Tyco; Mod. TY-FRB; 1/2"; 1/2";K=5.6; 155 Deg 
No. of sprinklers calculated: 12 
In-rack demand: N/A - GPM 
Hose streams: 250 - GPM 
Total water required (including hose streams): 523.39 - GPM @ 26.71 - Psi 
Type of system: WET 
Volume of dry or preaction system: N/A - Gal 
 
Water supply information 
Date: 8-19-2011 
Location: N. Poly View Drive  
Source: Fluid Resource Management 
 
Name of contractor: Aero Automatic Sprinkler Co. 
Address: 21605 N. Central Ave.  Phoenix, Az. 85024 
Phone number: 623-580-7847 
Name of designer: Neal Larsen 
Authority having jurisdiction: C.S.F.M. 
Notes: (Include peaking information or gridded systems here.) Flow Test Information : 
Hydrant # 63; Static = 60 psi; Res.= 55 psi {Elev.=351.0'} 
Hydrant # 64; Flow = 914 gpm 
FLOW TEST USED IN HYD. CALCS REDUCED BY 10 % [STATIC=54psi; RES.=49psi] 
NOTE : REMOTE AREA REDUCED BY 39.25% [Q.R HEADS & C.H.=10'-6"] 912 SQ.FT. MIN.
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FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.696 
A2 - Adj Resid : 47.866  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  33.565 
D2 - System Flow : 273.395 
D2 - System Pressure : 149.546 
Hose ( Adj City ) : 150 
Hose ( Demand ) : 100 
D3 - System Demand : 373.395 
Safety Margin :  25.499 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
S631 90.5 5.6 12.12   na  19.5 0.15 130 7.0 
S632 90.5 5.6 13.07   na  20.25 0.15 130 7.0 
S633 90.5 5.6 16.6   na  22.81 0.15 130 7.0 
S634 90.5 5.6 24.77   na  27.87 0.15 130 7.0 
S635 90.5 5.6 12.23   na  19.58 0.15 130 7.0 
S636 90.5 5.6 13.18   na  20.33 0.15 130 7.0 
S637 90.5 5.6 16.74   na  22.91 0.15 130 7.0 
S638 90.5 5.6 24.97   na  27.99 0.15 130 7.0 
S639 90.5 5.6 12.6   na  19.88 0.15 130 7.0 
S640 90.5 5.6 13.58   na  20.64 0.15 130 7.0 
S641 90.5 5.6 17.24   na  23.25 0.15 130 7.0 
S642 90.5 5.6 25.7   na  28.39 0.15 130 7.0 
L631 91.0 12.59   na   
L632 91.0 13.58   na   
L633 91.0 17.29   na   
L634 91.0 25.88   na   
L635 91.0 12.7   na   
L636 91.0 13.7   na   
L637 91.0 17.44   na   
L638 91.0 26.09   na   
L639 91.0 13.09   na   
L640 91.0 14.12   na   
L641 91.0 17.96   na   
L642 91.0 26.86   na   
MN01 92.0 35.21   na   
MN02 92.0 35.21   na   
MN03 92.0 35.21   na   
MN04 92.0 35.21   na   
MN05 92.0 35.21   na   
MN06 92.0 35.21   na   
MN07 92.0 35.21   na   
MN08 92.0 35.21   na   
MN09 92.0 35.47   na   
MN10 92.0 35.5   na   
MN11 92.0 36.54   na   
MN12 93.333 69.78   na   
MN13 93.333 80.44   na   
MN14 91.083 92.4   na   
TOR6 91.083 97.24   na   
BOR6 84.0 108.49   na   
HV1 99.75 104.1   na   
HV2 99.75 104.1   na   
SPRF 99.75 105.85   na   
SP16 85.0 112.24   na   
SP15 69.0 119.17   na   
SP14 53.0 126.1   na   
SP13 37.0 133.02   na   
HV3 101.0 102.61   na   
SPR3 101.0 104.36   na   
SP36 85.0 111.29   na  50.0  
SP35 69.0 118.29   na  50.0  
SP34 53.0 125.31   na   
SP33 37.0 132.33   na   
SP32 21.0 139.48   na   
SP05 29.167 135.94   na   
SP01 45.0 129.56   na   
SP02 27.917 136.96   na   
SP03 29.167 136.42   na   
SP04 28.083 137.27   na   
SPC1 12.667 144.51   na   
SPC2 12.667 144.73   na   
PO 1.833 149.55   na   
Pressure / Flow Summary - STANDARD
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
PI 1.75 50.78   na   
POC 6.75 48.72   na   
BF1 13.0 46.1   na   
BF2 13.0 52.06   na   
SRC 13.0 52.22   na  150.0  
The maximum velocity is 23.67 and it occurs in the pipe between nodes L641 and L642
Flow Summary - Standard
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*FLOWING SPRINKLER R/A # 3 
S631 90.5 5.60    19.50 1 1T 5.0    0.500 120  12.125  
to 0.0    5.000  -0.217  
L631 91 19.5 1.049 0.0    5.500 0.1244   0.684 Vel =   7.24 
0.0  
L631    19.50  12.592 K Factor =   5.50 
S632 90.5 5.60    20.24 1 1T 5.0    0.500 120  13.070  
to 0.0    5.000  -0.217  
L632 91 20.24 1.049 0.0    5.500 0.1331   0.732 Vel =   7.51 
0.0  
L632    20.24  13.585 K Factor =   5.49 
S633 90.5 5.60    22.81 1 1T 5.0    0.500 120  16.598  
to 0.0    5.000  -0.217  
L633 91 22.81 1.049 0.0    5.500 0.1660   0.913 Vel =   8.47 
0.0  
L633    22.81  17.294 K Factor =   5.49 
S634 90.5 5.60    27.87 1 1T 5.0    0.500 120  24.772  
to 0.0    5.000  -0.217  
L634 91 27.87 1.049 0.0    5.500 0.2405   1.323 Vel =  10.35 
0.0  
L634    27.87  25.878 K Factor =   5.48 
S635 90.5 5.60    19.58 1 1T 5.0    0.500 120  12.228  
to 0.0    5.000  -0.217  
L635 91 19.58 1.049 0.0    5.500 0.1253   0.689 Vel =   7.27 
0.0  
L635    19.58  12.700 K Factor =   5.49 
S636 90.5 5.60    20.33 1 1T 5.0    0.500 120  13.180  
to 0.0    5.000  -0.217  
L636 91 20.33 1.049 0.0    5.500 0.1342   0.738 Vel =   7.55 
0.0  
L636    20.33  13.701 K Factor =   5.49 
S637 90.5 5.60    22.91 1 1T 5.0    0.500 120  16.736  
to 0.0    5.000  -0.217  
L637 91 22.91 1.049 0.0    5.500 0.1673   0.920 Vel =   8.50 
0.0  
L637    22.91  17.439 K Factor =   5.49 
S638 90.5 5.60    27.99 1 1T 5.0    0.500 120  24.974  
to 0.0    5.000  -0.217  
L638 91 27.99 1.049 0.0    5.500 0.2424   1.333 Vel =  10.39 
0.0  
L638    27.99  26.090 K Factor =   5.48 
S639 90.5 5.60    19.88 1 1T 5.0    0.500 120  12.601  
to 0.0    5.000  -0.217  
L639 91 19.88 1.049 0.0    5.500 0.1287   0.708 Vel =   7.38 
0.0  
L639    19.88  13.092 K Factor =   5.49 
S640 90.5 5.60    20.64 1 1T 5.0    0.500 120  13.580  
to 0.0    5.000  -0.217  
L640 91 20.64 1.049 0.0    5.500 0.1378   0.758 Vel =   7.66 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
L640    20.64  14.121 K Factor =   5.49 
S641 90.5 5.60    23.25 1 1T 5.0    0.500 120  17.235  
to 0.0    5.000  -0.217  
L641 91 23.25 1.049 0.0    5.500 0.1720   0.946 Vel =   8.63 
0.0  
L641    23.25  17.964 K Factor =   5.49 
S642 90.500 5.60    28.39 1 1T 5.0    0.500 120  25.705  
to 0.0    5.000  -0.217  
L642 91 28.39 1.049 0.0    5.500 0.2489   1.369 Vel =  10.54 
0.0  
L642    28.39  26.857 K Factor =   5.48 
*BRANCH LINES R/A # 3 
L631 91    19.50 1 0.0    8.000 120  12.592  
to 0.0 0.0 0.0  
L632 91 19.5 1.049 0.0    8.000 0.1241   0.993 Vel =   7.24 
L632 91    20.24 1 0.0    8.000 120  13.585  
to 0.0 0.0 0.0  
L633 91 39.74 1.049 0.0    8.000 0.4636   3.709 Vel =  14.75 
L633 91    22.82 1 0.0    8.000 120  17.294  
to 0.0 0.0 0.0  
L634 91 62.56 1.049 0.0    8.000 1.0730   8.584 Vel =  23.22 
L634 91    27.87 1.25 1E 3.0    8.500 120  25.878  
to 1T 6.0    9.000  -0.433  
MN08 92 90.43 1.38 0.0   17.500 0.5580   9.765 Vel =  19.40 
0.0  
MN08    90.43  35.210 K Factor =  15.24 
L635 91    19.58 1 0.0    8.000 120  12.700  
to 0.0 0.0 0.0  
L636 91 19.58 1.049 0.0    8.000 0.1251   1.001 Vel =   7.27 
L636 91    20.33 1 0.0    8.000 120  13.701  
to 0.0 0.0 0.0  
L637 91 39.91 1.049 0.0    8.000 0.4672   3.738 Vel =  14.82 
L637 91    22.91 1 0.0    8.000 120  17.439  
to 0.0 0.0 0.0  
L638 91 62.82 1.049 0.0    8.000 1.0814   8.651 Vel =  23.32 
L638 91    27.99 1.25 1E 3.0    8.500 120  26.090  
to 1T 6.0    9.000  -0.433  
MN10 92 90.81 1.38 0.0   17.500 0.5623   9.840 Vel =  19.48 
0.0  
MN10    90.81  35.497 K Factor =  15.24 
L639 91    19.88 1 0.0    8.000 120  13.092  
to 0.0 0.0 0.0  
L640 91 19.88 1.049 0.0    8.000 0.1286   1.029 Vel =   7.38 
L640 91    20.64 1 0.0    8.000 120  14.121  
to 0.0 0.0 0.0  
L641 91 40.52 1.049 0.0    8.000 0.4804   3.843 Vel =  15.04 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
L641 91    23.24 1 0.0    8.000 120  17.964  
to 0.0 0.0 0.0  
L642 91 63.76 1.049 0.0    8.000 1.1116   8.893 Vel =  23.67 
L642 91    28.40 1.25 1E 3.0    8.500 120  26.857  
to 1T 6.0    9.000  -0.433  
MN11 92 92.16 1.38 0.0   17.500 0.5778  10.112 Vel =  19.77 
0.0  
MN11    92.16  36.536 K Factor =  15.25 
*FEED MAIN 
MN01 92 .0 0.0 2.5 0.0    3.833 120  35.210  
to 0.0 0.0 0.0  
MN02 92 0.0 2.635 0.0    3.833 0 0.0 Vel = 0 
MN02 92 .0 0.0 2.5 0.0    8.167 120  35.210  
to 0.0 0.0 0.0  
MN03 92 0.0 2.635 0.0    8.167 0 0.0 Vel = 0 
MN03 92 .0 0.0 2.5 0.0    5.833 120  35.210  
to 0.0 0.0 0.0  
MN04 92 0.0 2.635 0.0    5.833 0 0.0 Vel = 0 
MN04 92 .0 0.0 2.5 0.0    6.167 120  35.210  
to 0.0 0.0 0.0  
MN05 92 0.0 2.635 0.0    6.167 0 0.0 Vel = 0 
MN05 92 .0 0.0 2.5 0.0    4.250 120  35.210  
to 0.0 0.0 0.0  
MN06 92 0.0 2.635 0.0    4.250 0 0.0 Vel = 0 
MN06 92 .0 0.0 2.5 0.0    7.750 120  35.210  
to 0.0 0.0 0.0  
MN07 92 0.0 2.635 0.0    7.750 0 0.0 Vel = 0 
MN07 92 .0 0.0 2.5 0.0    1.250 120  35.210  
to 0.0 0.0 0.0  
MN08 92 0.0 2.635 0.0    1.250 0 0.0 Vel = 0 
MN08 92    90.43 2.5 0.0   10.750 120  35.210  
to 0.0 0.0 0.0  
MN09 92 90.43 2.635 0.0   10.750 0.0239   0.257 Vel =   5.32 
MN09 92 0.0 2.5 0.0    1.250 120  35.467  
to 0.0 0.0 0.0  
MN10 92 90.43 2.635 0.0    1.250 0.0240   0.030 Vel =   5.32 
MN10 92    90.81 2.5 0.0   12.000 120  35.497  
to 0.0 0.0 0.0  
MN11 92 181.24 2.635 0.0   12.000 0.0866   1.039 Vel =  10.66 
MN11 92    92.16 2.5 2I 16.474  149.750 120  36.536  
to 1T 16.474   32.948  -0.577  
MN12 93.333 273.4 2.635 0.0  182.698 0.1851  33.825 Vel =  16.09 
MN12 93.333 0.0 2.5 1I 8.237   32.833 120  69.784  
to 1T 16.474   24.711 0.0  
MN13 93.333 273.4 2.635 0.0   57.544 0.1851  10.654 Vel =  16.09 
MN13 93.333 0.0 2.5 2I 16.474   26.417 120  80.438  
to 1T 16.474   32.948   0.974  
MN14 91.083 273.4 2.635 0.0   59.365 0.1852  10.992 Vel =  16.09 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
MN14 91.083 0.0 2.5 2I 16.474    9.667 120  92.404  
to 0.0   16.474 0.0  
TOR6 91.083 273.4 2.635 0.0   26.141 0.1851   4.840 Vel =  16.09 
TOR6 91.083 0.0 2.5 1C 19.22    7.083 120  97.244  
to 1B 9.61   37.067   3.068  
BOR6 84 273.4 2.635 1I 8.237   44.150 0.1851   8.174 Vel =  16.09 
BOR6 84 0.0 2.5 1T 16.474    1.000 120 108.486  
to 0.0   16.474  -0.433  
SP36 85 273.4 2.635 0.0   17.474 0.1851   3.235 Vel =  16.09 
0.0  
SP36   273.40 111.288 K Factor =  25.92 
*S/P # 1  
HV1 99.750 .0 0.0 2.5 1T 12.0    0.250 120 104.098  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
0.0  
SPRF 0.0 105.848 K Factor = 0 
HV2 99.750 .0 0.0 2.5 1T 12.0    0.250 120 104.098  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPRF 99.750 .0 0.0 6 4I 40.0   30.000 120 105.848  
to 0.0   40.000   6.388  
SP16 85 0.0 6.065 0.0   70.000 0 0.0 Vel = 0 
SP16 85 .0 0.0 6 0.0   16.000 120 112.236  
to 0.0 0.0   6.930  
SP15 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP15 69 .0 0.0 6 0.0   16.000 120 119.166  
to 0.0 0.0   6.930  
SP14 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP14 53 .0 0.0 6 1T 30.0    8.500 120 126.096  
to 0.0   30.000   3.465  
SP01 45 0.0 6.065 0.0   38.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 129.561 K Factor = 0 
SP13 37 .0 0.0 6 1T 30.0    7.500 120 133.025  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 129.560 K Factor = 0 
*S/P # 3 
HV3 101 .0 0.0 2.5 2E 12.0    1.750 120 102.608  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 101 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SPR3 101 .0 0.0 6 0.0   16.000 120 104.358  
to 0.0 0.0   6.930  
SP36 85 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP36 85 H50   323.40 6 0.0   16.000 120 111.288  
to 0.0 0.0   6.930  
SP35 69 323.4 6.065 0.0   16.000 0.0043   0.069 Vel =   3.59 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
SP35 69 H50    50.00 6 0.0   16.000 120 118.287  
to 0.0 0.0   6.930  
SP34 53 373.4 6.065 0.0   16.000 0.0057   0.091 Vel =   4.15 
SP34 53 0.0 6 0.0   16.000 120 125.308  
to 0.0 0.0   6.930  
SP33 37 373.4 6.065 0.0   16.000 0.0056   0.090 Vel =   4.15 
SP33 37 0.0 6 1T 30.0    8.417 120 132.328  
to 0.0   30.000   3.392  
SP05 29.167 373.4 6.065 0.0   38.417 0.0057   0.219 Vel =   4.15 
0.0  
SP05   373.40 135.939 K Factor =  32.03 
SP32 21 .0 0.0 6 1T 30.0    7.583 120 139.476  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167   373.40 6 1I 10.0   34.167 120 135.939  
to 1B 10.0   50.000 0.0  
SP03 29.167 373.4 6.065 1T 30.0   84.167 0.0057   0.479 Vel =   4.15 
0.0  
SP03   373.40 136.418 K Factor =  31.97 
*STANDPIPE FEED 
SP01 45 .0 0.0 6 1B 10.0   34.417 120 129.560  
to 6I 60.0   70.000   7.399  
SP02 27.917 0.0 6.065 0.0  104.417 0 0.0 Vel = 0 
SP02 27.917 .0 0.0 6 2I 20.0  235.417 120 136.959  
to 0.0   20.000  -0.541  
SP03 29.167 0.0 6.065 0.0  255.417 0 0.0 Vel = 0 
SP03 29.167   373.40 6 4I 40.0   27.500 120 136.418  
to 0.0   40.000   0.469  
SP04 28.083 373.4 6.065 0.0   67.500 0.0057   0.384 Vel =   4.15 
SP04 28.083 0.0 6 2I 20.0   79.330 120 137.271  
to 0.0   20.000   6.677  
SPC1 12.667 373.4 6.065 0.0   99.330 0.0057   0.564 Vel =   4.15 
SPC1 12.667 0.0 6 1T 30.0    7.833 120 144.512  
to 0.0   30.000 0.0  
SPC2 12.667 373.4 6.065 0.0   37.833 0.0057   0.215 Vel =   4.15 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 144.727  
to 1B 12.0   70.000   4.692  
PO 1.833 373.4 7.981 1C 45.0   84.750 0.0015   0.127 Vel =   2.39 
0.0  
PO   373.40 149.546 K Factor =  30.53 
System Demand Pressure 149.546 
Safety Margin  25.499 
Continuation Pressure 175.045 
Pressure @ Pump Outlet 175.045 
Pressure From Pump Curve -124.263 
Pressure @ Pump Inlet  50.782 
PI 1.750 0.0 8 1G 4.0   14.000 120  50.782  
to 1I 13.0   52.000  -2.166  
POC 6.750 373.4 7.981 1T 35.0   66.000 0.0015   0.099 Vel =   2.39 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
POC 6.750 0.0 8 2E 56.936   41.000 140  48.715  
to 0.0   56.936  -2.707  
BF1 13 373.4 8.27 0.0   97.936 0.0009   0.093 Vel =   2.23 
BF1 13 0.0 8 1Zic 0.0    4.000 120  46.101  
to 0.0 0.0   5.955 * Fixed loss = 5.955 
BF2 13 373.4 7.981 0.0    4.000 0.0015   0.006 Vel =   2.39 
BF2 13 0.0 8 2E 56.936   46.000 140  52.062  
to 1G 6.326  118.616 0.0  
SRC 13 373.4 8.27 1T 55.354  164.616 0.0009   0.155 Vel =   2.23 
  150.00 Qa =   150.00 
SRC   523.40  52.217 K Factor =  72.43 
Final Calculations - Hazen-Williams - 2007
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science LVL 6 [R/A=4] 
Building : FP-6.06E 
Location : San Luis Obispo,  Ca. 
System : 6-4 
Contract : 10034 
Data File : Cal Poly CFS LVL 6-4.WXF 
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Project name: Cal Poly Center For Science 
Location: San Luis Obispo,  Ca. 




Remote area number: 6-4 
Remote area location: 6 th. Floor Office/Lobby 
Occupancy classification: Light Hazard 
Density: 0.10 - Gpm/SqFt 
Area of application: 1500 - SqFt 
Coverage per sprinkler: 210 - SqFt 
Type of sprinklers calculated: Tyco; Mod. TY-FRB; 1/2"; 1/2";K=5.6; 155 Deg 
No. of sprinklers calculated: 14 
In-rack demand: N/A - GPM 
Hose streams: 100 - GPM 
Total water required (including hose streams): 447.28 - GPM @ 39.09 - Psi 
Type of system: WET 
Volume of dry or preaction system: N/A - Gal 
 
Water supply information 
Date: 8-19-2011 
Location: N. Poly View Drive  
Source: Fluid Resource Management 
 
Name of contractor: Aero Automatic Sprinkler Co. 
Address: 21605 N. Central Ave.  Phoenix, Az. 85024 
Phone number: 623-580-7847 
Name of designer: Neal Larsen 
Authority having jurisdiction: C.S.F.M. 
Notes: (Include peaking information or gridded systems here.) Flow Test Information : 
Hydrant # 63; Static = 60 psi; Res.= 55 psi {Elev.=351.0'} 
Hydrant # 64; Flow = 914 gpm 
FLOW TEST USED IN HYD. CALCS REDUCED BY 10 % [STATIC=54psi; RES.=49psi] 
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200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.872 
A2 - Adj Resid : 49.314  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  33.565 
D2 - System Flow : 347.282 
D2 - System Pressure : 160.618 
Hose ( Adj City ) : _______
Hose ( Demand ) : 100 
D3 - System Demand : 447.282 
Safety Margin :  13.576 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
S651 90.5 5.6 7.06   na  14.88 0.1 112 7.0 
S652 90.5 5.6 7.0   na  14.82 0.1 143 7.0 
S653 90.5 5.6 9.47   na  17.23 0.1 112 7.0 
S654 90.5 5.6 11.3   na  18.82 0.1 154 7.0 
S655 90.5 5.6 13.46   na  20.55 0.1 112 7.0 
S656 90.5 5.6 14.84   na  21.57 0.1 180 7.0 
S657 90.5 5.6 18.84   na  24.3 0.1 112 7.0 
S658 90.5 5.6 20.38   na  25.28 0.1 150 7.0 
S659 90.5 5.6 33.1   na  32.22 0.1 112 7.0 
S660 90.5 5.6 27.64   na  29.44 0.1 168 7.0 
S661 90.5 5.6 28.46   na  29.87 0.1 112 7.0 
S662 90.5 5.6 34.26   na  32.78 0.1 210 7.0 
S663 90.5 5.6 36.85   na  33.99 0.1 210 7.0 
S664 90.5 5.6 31.71   na  31.53 0.1 168 7.0 
L651 92.417 6.93   na   
L653 92.417 9.84   na   
L654 92.417 11.88   na   
L655 92.417 14.28   na   
L656 92.417 16.2   na   
L657 92.417 20.26   na   
L658 92.417 21.99   na   
L660 92.417 30.93   na   
MN01 92.0 59.45   na   
MN02 92.0 59.45   na   
MN03 92.0 59.45   na   
MN04 92.0 59.45   na   
MN05 92.0 59.45   na   
MN06 92.0 59.45   na   
MN07 92.0 59.45   na   
MN08 92.0 59.45   na   
MN09 92.0 59.45   na   
MN10 92.0 59.45   na   
MN11 92.0 59.45   na   
MN40 92.417 35.2   na   
MN41 92.417 35.21   na   
MN42 92.417 35.7   na   
MN43 92.417 38.45   na   
MN44 92.417 43.22   na   
MN45 92.417 48.23   na   
MN12 93.333 58.87   na   
MN13 93.333 75.45   na   
MN14 91.083 93.54   na   
TOR6 91.083 101.07   na   
BOR6 84.0 116.86   na   
HV1 99.75 114.66   na   
HV2 99.75 114.66   na   
SPRF 99.75 116.41   na   
SP16 85.0 122.8   na   
SP15 69.0 129.73   na   
SP14 53.0 136.66   na   
SP13 37.0 143.59   na   
HV3 101.0 112.79   na   
SPR3 101.0 114.54   na   
SP36 85.0 121.47   na  50.0  
SP35 69.0 128.5   na  50.0  
SP34 53.0 135.56   na   
SP33 37.0 142.61   na   
SP32 21.0 149.85   na   
SP05 29.167 146.31   na   
SP01 45.0 140.12   na   
SP02 27.917 147.52   na   
SP03 29.167 146.98   na   
Pressure / Flow Summary - STANDARD
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
SP04 28.083 147.98   na   
SPC1 12.667 155.45   na   
SPC2 12.667 155.75   na   
PO 1.833 160.62   na   
PI 1.75 51.35   na   
POC 6.75 49.32   na   
BF1 13.0 46.74   na   
BF2 13.0 52.45   na   
SRC 13.0 52.67   na   
The maximum velocity is 24.81 and it occurs in the pipe between nodes L658 and MN41
Flow Summary - Standard
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*FLOWING SPRINKLER R/A # 4 
S651 90.5 5.60    14.88 1 2E 4.0    5.333 120   7.057  
to 0.0    4.000  -0.830  
L651 92.417 14.88 1.049 0.0    9.333 0.0752   0.702 Vel =   5.52 
0.0  
L651    14.88   6.929 K Factor =   5.65 
S652 90.5 5.60    14.82 1 1E 2.0    3.167 120   7.000  
to 1T 5.0    7.000  -0.830  
L651 92.417 14.82 1.049 0.0   10.167 0.0747   0.759 Vel =   5.50 
0.0  
L651    14.82   6.929 K Factor =   5.63 
S653 90.5 5.60    17.23 1 1E 2.0    5.083 120   9.471  
to 1T 5.0    7.000  -0.830  
L653 92.417 17.23 1.049 0.0   12.083 0.0988   1.194 Vel =   6.40 
0.0  
L653    17.23   9.835 K Factor =   5.49 
S654 90.5 5.60    18.82 1 1E 2.0    5.167 120  11.299  
to 1T 5.0    7.000  -0.830  
L654 92.417 18.82 1.049 0.0   12.167 0.1163   1.415 Vel =   6.99 
0.0  
L654    18.82  11.884 K Factor =   5.46 
S655 90.5 5.60    20.54 1 1E 2.0    5.083 120  13.460  
to 1T 5.0    7.000  -0.830  
L655 92.417 20.54 1.049 0.0   12.083 0.1367   1.652 Vel =   7.62 
0.0  
L655    20.54  14.282 K Factor =   5.44 
S656 90.5 5.60    21.57 1 2E 4.0    5.667 120  14.836  
to 1T 5.0    9.000  -0.830  
L656 92.417 21.57 1.049 0.0   14.667 0.1497   2.195 Vel =   8.01 
0.0  
L656    21.57  16.201 K Factor =   5.36 
S657 90.5 5.60    24.30 1 1E 2.0    5.083 120  18.835  
to 1T 5.0    7.000  -0.830  
L657 92.417 24.3 1.049 0.0   12.083 0.1866   2.255 Vel =   9.02 
0.0  
L657    24.30  20.260 K Factor =   5.40 
S658 90.5 5.60    25.28 1 1E 2.0    5.167 120  20.376  
to 1T 5.0    7.000  -0.830  
L658 92.417 25.28 1.049 0.0   12.167 0.2007   2.442 Vel =   9.38 
0.0  
L658    25.28  21.988 K Factor =   5.39 
S659 90.5 5.60    32.22 1 1E 2.0    2.333 120  33.098  
to 1T 5.0    7.000  -0.830  
MN40 92.417 32.22 1.049 0.0    9.333 0.3143   2.933 Vel =  11.96 
0.0  
MN40    32.22  35.201 K Factor =   5.43 
S660 90.5 5.60    29.44 1 2E 4.0    6.500 120  27.635  
to 1T 5.0    9.000  -0.830  
L660 92.417 29.44 1.049 0.0   15.500 0.2661   4.124 Vel =  10.93 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
L660    29.44  30.929 K Factor =   5.29 
S661 90.5 5.60    29.87 1 1E 2.0    5.083 120  28.456  
to 1T 5.0    7.000  -0.830  
L660 92.417 29.87 1.049 0.0   12.083 0.2734   3.303 Vel =  11.09 
0.0  
L660    29.87  30.929 K Factor =   5.37 
S662 90.500 5.60    32.78 1 1T 5.0    2.000 120  34.263  
to 0.0    5.000  -0.830  
MN42 92.417 32.78 1.049 0.0    7.000 0.3246   2.272 Vel =  12.17 
0.0  
MN42    32.78  35.705 K Factor =   5.49 
S663 90.500 5.60    33.99 1 1T 5.0    2.000 120  36.846  
to 0.0    5.000  -0.830  
MN43 92.417 33.99 1.049 0.0    7.000 0.3471   2.430 Vel =  12.62 
0.0  
MN43    33.99  38.446 K Factor =   5.48 
S664 90.500 5.60    31.53 1 3E 6.0   24.833 120  31.709  
to 2T 10.0   16.000  -0.830  
MN44 92.417 31.53 1.049 0.0   40.833 0.3021  12.337 Vel =  11.70 
0.0  
MN44    31.53  43.216 K Factor =   4.80 
*BRANCH LINES R/A # 4 
L651 92.417    29.69 1 0.0   10.750 120   6.929  
to 0.0 0.0 0.0  
L653 92.417 29.69 1.049 0.0   10.750 0.2703   2.906 Vel =  11.02 
L653 92.417    17.24 1 0.0    3.250 120   9.835  
to 0.0 0.0 0.0  
L654 92.417 46.93 1.049 0.0    3.250 0.6305   2.049 Vel =  17.42 
L654 92.417    18.82 1.25 0.0    7.750 120  11.884  
to 0.0 0.0 0.0  
L655 92.417 65.75 1.38 0.0    7.750 0.3094   2.398 Vel =  14.10 
L655 92.417    20.55 1.25 0.0    3.750 120  14.282  
to 0.0 0.0 0.0  
L656 92.417 86.3 1.38 0.0    3.750 0.5117   1.919 Vel =  18.51 
L656 92.417    21.57 1.25 0.0    5.250 120  16.201  
to 0.0 0.0 0.0  
L657 92.417 107.87 1.38 0.0    5.250 0.7731   4.059 Vel =  23.14 
L657 92.417    24.30 1.5 0.0    3.250 120  20.260  
to 0.0 0.0 0.0  
L658 92.417 132.17 1.61 0.0    3.250 0.5317   1.728 Vel =  20.83 
L658 92.417    25.28 1.5 1T 8.0   10.000 120  21.988  
to 0.0    8.000 0.0  
MN41 92.417 157.45 1.61 0.0   18.000 0.7347  13.224 Vel =  24.81 
0.0  
MN41   157.45  35.212 K Factor =  26.53 
L660 92.417    59.31 1.25 1T 6.0   10.750 120  30.929  
to 0.0    6.000 0.0  
MN41 92.417 59.31 1.38 0.0   16.750 0.2557   4.283 Vel =  12.72 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
MN41    59.31  35.212 K Factor =   9.99 
*FEED MAIN 
MN01 92 .0 0.0 2.5 0.0    3.833 120  59.446  
to 0.0 0.0 0.0  
MN02 92 0.0 2.635 0.0    3.833 0 0.0 Vel = 0 
MN02 92 .0 0.0 2.5 0.0    8.167 120  59.446  
to 0.0 0.0 0.0  
MN03 92 0.0 2.635 0.0    8.167 0 0.0 Vel = 0 
MN03 92 .0 0.0 2.5 0.0    5.833 120  59.446  
to 0.0 0.0 0.0  
MN04 92 0.0 2.635 0.0    5.833 0 0.0 Vel = 0 
MN04 92 .0 0.0 2.5 0.0    6.167 120  59.446  
to 0.0 0.0 0.0  
MN05 92 0.0 2.635 0.0    6.167 0 0.0 Vel = 0 
MN05 92 .0 0.0 2.5 0.0    4.250 120  59.446  
to 0.0 0.0 0.0  
MN06 92 0.0 2.635 0.0    4.250 0 0.0 Vel = 0 
MN06 92 .0 0.0 2.5 0.0    7.750 120  59.446  
to 0.0 0.0 0.0  
MN07 92 0.0 2.635 0.0    7.750 0 0.0 Vel = 0 
MN07 92 .0 0.0 2.5 0.0    1.250 120  59.446  
to 0.0 0.0 0.0  
MN08 92 0.0 2.635 0.0    1.250 0 0.0 Vel = 0 
MN08 92 .0 0.0 2.5 0.0   10.750 120  59.446  
to 0.0 0.0 0.0  
MN09 92 0.0 2.635 0.0   10.750 0 0.0 Vel = 0 
MN09 92 .0 0.0 2.5 0.0    1.250 120  59.446  
to 0.0 0.0 0.0  
MN10 92 0.0 2.635 0.0    1.250 0 0.0 Vel = 0 
MN10 92 .0 0.0 2.5 0.0   12.000 120  59.446  
to 0.0 0.0 0.0  
MN11 92 0.0 2.635 0.0   12.000 0 0.0 Vel = 0 
MN11 92 .0 0.0 2.5 2I 16.474  149.750 120  59.446  
to 1T 16.474   32.948  -0.577  
MN12 93.333 0.0 2.635 0.0  182.698 0 0.0 Vel = 0 
0.0  
MN12 0.0  58.869 K Factor = 0 
MN40 92.417    32.22 2.5 0.0    3.083 120  35.201  
to 0.0 0.0 0.0  
MN41 92.417 32.22 2.635 0.0    3.083 0.0036   0.011 Vel =   1.90 
MN41 92.417   216.76 2.5 0.0    3.167 120  35.212  
to 0.0 0.0 0.0  
MN42 92.417 248.98 2.635 0.0    3.167 0.1557   0.493 Vel =  14.65 
MN42 92.417    32.78 2.5 0.0   14.000 120  35.705  
to 0.0 0.0 0.0  
MN43 92.417 281.76 2.635 0.0   14.000 0.1958   2.741 Vel =  16.58 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
MN43 92.417    33.99 2.5 1I 8.237   11.500 120  38.446  
to 0.0    8.237 0.0  
MN44 92.417 315.75 2.635 0.0   19.737 0.2417   4.770 Vel =  18.58 
MN44 92.417    31.53 2.5 1T 16.474    0.917 120  43.216  
to 0.0   16.474 0.0  
MN45 92.417 347.28 2.635 0.0   17.391 0.2882   5.012 Vel =  20.43 
MN45 92.417 0.0 2.5 3I 24.711   13.583 120  48.228  
to 0.0   24.711  -0.397  
MN12 93.333 347.28 2.635 0.0   38.294 0.2882  11.037 Vel =  20.43 
MN12 93.333 0.0 2.5 1I 8.237   32.833 120  58.868  
to 1T 16.474   24.711 0.0  
MN13 93.333 347.28 2.635 0.0   57.544 0.2882  16.585 Vel =  20.43 
MN13 93.333 0.0 2.5 2I 16.474   26.417 120  75.453  
to 1T 16.474   32.948   0.974  
MN14 91.083 347.28 2.635 0.0   59.365 0.2882  17.111 Vel =  20.43 
MN14 91.083 0.0 2.5 2I 16.474    9.667 120  93.538  
to 0.0   16.474 0.0  
TOR6 91.083 347.28 2.635 0.0   26.141 0.2882   7.534 Vel =  20.43 
TOR6 91.083 0.0 2.5 1C 19.22    7.083 120 101.072  
to 1B 9.61   37.067   3.068  
BOR6 84 347.28 2.635 1I 8.237   44.150 0.2882  12.724 Vel =  20.43 
BOR6 84 0.0 2.5 1T 16.474    1.000 120 116.864  
to 0.0   16.474  -0.433  
SP36 85 347.28 2.635 0.0   17.474 0.2882   5.036 Vel =  20.43 
0.0  
SP36   347.28 121.467 K Factor =  31.51 
*S/P # 1  
HV1 99.750 .0 0.0 2.5 1T 12.0    0.250 120 114.659  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
0.0  
SPRF 0.0 116.409 K Factor = 0 
HV2 99.750 .0 0.0 2.5 1T 12.0    0.250 120 114.659  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPRF 99.750 .0 0.0 6 4I 40.0   30.000 120 116.409  
to 0.0   40.000   6.388  
SP16 85 0.0 6.065 0.0   70.000 0 0.0 Vel = 0 
SP16 85 .0 0.0 6 0.0   16.000 120 122.797  
to 0.0 0.0   6.930  
SP15 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP15 69 .0 0.0 6 0.0   16.000 120 129.726  
to 0.0 0.0   6.930  
SP14 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP14 53 .0 0.0 6 1T 30.0    8.500 120 136.656  
to 0.0   30.000   3.465  
SP01 45 0.0 6.065 0.0   38.500 0 0.0 Vel = 0 
0.0  
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
SP01 0.0 140.121 K Factor = 0 
SP13 37 .0 0.0 6 1T 30.0    7.500 120 143.586  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 140.121 K Factor = 0 
*S/P # 3 
HV3 101 .0 0.0 2.5 2E 12.0    1.750 120 112.788  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 101 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SPR3 101 .0 0.0 6 0.0   16.000 120 114.538  
to 0.0 0.0   6.930  
SP36 85 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP36 85 H50   397.28 6 0.0   16.000 120 121.467  
to 0.0 0.0   6.930  
SP35 69 397.28 6.065 0.0   16.000 0.0064   0.102 Vel =   4.41 
SP35 69 H50    50.00 6 0.0   16.000 120 128.499  
to 0.0 0.0   6.930  
SP34 53 447.28 6.065 0.0   16.000 0.0079   0.127 Vel =   4.97 
SP34 53 0.0 6 0.0   16.000 120 135.556  
to 0.0 0.0   6.930  
SP33 37 447.28 6.065 0.0   16.000 0.0079   0.126 Vel =   4.97 
SP33 37 0.0 6 1T 30.0    8.417 120 142.612  
to 0.0   30.000   3.392  
SP05 29.167 447.28 6.065 0.0   38.417 0.0080   0.306 Vel =   4.97 
0.0  
SP05   447.28 146.310 K Factor =  36.98 
SP32 21 .0 0.0 6 1T 30.0    7.583 120 149.847  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167   447.28 6 1I 10.0   34.167 120 146.310  
to 1B 10.0   50.000 0.0  
SP03 29.167 447.28 6.065 1T 30.0   84.167 0.0079   0.668 Vel =   4.97 
0.0  
SP03   447.28 146.978 K Factor =  36.89 
*STANDPIPE FEED 
SP01 45 .0 0.0 6 1B 10.0   34.417 120 140.121  
to 6I 60.0   70.000   7.399  
SP02 27.917 0.0 6.065 0.0  104.417 0 0.0 Vel = 0 
SP02 27.917 .0 0.0 6 2I 20.0  235.417 120 147.519  
to 0.0   20.000  -0.541  
SP03 29.167 0.0 6.065 0.0  255.417 0 0.0 Vel = 0 
SP03 29.167   447.28 6 4I 40.0   27.500 120 146.978  
to 0.0   40.000   0.469  
SP04 28.083 447.28 6.065 0.0   67.500 0.0079   0.536 Vel =   4.97 
SP04 28.083 0.0 6 2I 20.0   79.330 120 147.983  
to 0.0   20.000   6.677  
SPC1 12.667 447.28 6.065 0.0   99.330 0.0079   0.789 Vel =   4.97 
Final Calculations - Hazen-Williams - 2007
Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
Aero Automatic Sprinkler Co. Page 11 
Cal Poly Center for Science LVL 6 [R/A=4] Date 9-25-11 
 
Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
SPC1 12.667 0.0 6 1T 30.0    7.833 120 155.449  
to 0.0   30.000 0.0  
SPC2 12.667 447.28 6.065 0.0   37.833 0.0079   0.300 Vel =   4.97 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 155.749  
to 1B 12.0   70.000   4.692  
PO 1.833 447.28 7.981 1C 45.0   84.750 0.0021   0.177 Vel =   2.87 
0.0  
PO   447.28 160.618 K Factor =  35.29 
System Demand Pressure 160.618 
Safety Margin  13.576 
Continuation Pressure 174.194 
Pressure @ Pump Outlet 174.194 
Pressure From Pump Curve -122.847 
Pressure @ Pump Inlet  51.347 
PI 1.750 0.0 8 1G 4.0   14.000 120  51.347  
to 1I 13.0   52.000  -2.166  
POC 6.750 447.28 7.981 1T 35.0   66.000 0.0021   0.138 Vel =   2.87 
POC 6.750 0.0 8 2E 56.936   41.000 140  49.319  
to 0.0   56.936  -2.707  
BF1 13 447.28 8.27 0.0   97.936 0.0013   0.130 Vel =   2.67 
BF1 13 0.0 8 1Zic 0.0    4.000 120  46.742  
to 0.0 0.0   5.700 * Fixed loss = 5.7 
BF2 13 447.28 7.981 0.0    4.000 0.0020   0.008 Vel =   2.87 
BF2 13 0.0 8 2E 56.936   46.000 140  52.450  
to 1G 6.326  118.616 0.0  
SRC 13 447.28 8.27 1T 55.354  164.616 0.0013   0.217 Vel =   2.67 
0.0  
SRC   447.28  52.667 K Factor =  61.63 
Final Calculations - Hazen-Williams - 2007
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Job Name : Cal Poly Center for Science SP 1-1 [1000 GPM] 
Building : Center for Science 
Location : San Luis Obispo,  Ca. 
System : S/P # 1 
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Data File : Cal Poly CFS SP 1-1.WXF 
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                       HYDRAULIC DESIGN INFORMATION  SHEET 
 
Name - Cal Poly Center For Science                           Date - 9-25-2011 
Location - San Luis Obispo,  Ca.                                               
Building - Center for Science                       System No. - S/P # 1      
Contractor - Aero Automatic Sprinkler Co.           Contract No. - 10034      
Calculated By - Neal Larsen                         Drawing No. -             
Occupancy - Light / Ordinary Hazard Gr. 1                                      
 
 
S   (X)NFPA 14     Number of Standpipes  ( )1 ( )2 ( )3 (X)4 ( )      
Y   ( )Other                                                                  
S   ( )Specific Ruling                   Made by              Date          
T   
E    Flow at Top Most Outlet           - 500   Gpm         System Type 
M    Pres. at Top Most Outlet          - 100   Psi    (X) Wet       ( ) Dry 
     Flow For Ea. Additional Standpipe - 500   Gpm 
D    Total Additional Flow             - 1000  Gpm 
E    Elevation at Highest Outlet       - 69'-0" Fee t 
S    Hose Valve Connection    ( )1 1/2"    (X)2 1/2 " 
I    Class Service    (X)I    ( )II    (X)III 
G    Note:At 5 th level there are three (3) standpi pes available.              
N    {Standpipe # 1‚ 3 & 4}                                                    
 
 
Calculation   Gpm Required 1000     Psi Required 47 .18    At SRC             
Summary       C-Factor Used:         Overhead 120           Underground 140   
 
 
W   Water Flow Test:              Pump Data:           Tank or Reservoir: 
A   Date of Test   - 9-19-2011                        Cap.  N/A               
T   Time of Test   - 9:12 a.m.   Rated Cap. 750      Elev. N/A               
E   Static (Psi)   - 60 [54]     @ Psi      113    
R   Residual (Psi) - 55 [49]     Elev.      1'-9"           Well 
    Flow (Gpm)     - 914                              Proof Flow Gpm N/A      
S   Elevation      - 13'-0"    
U  
P   Location: Static & Residual pressures taken fro m Hydratn # 63.  Flow taken  
P   from Hydrant # 64 along N. Poly View Drive                                 
L   Source of Information: Fluid Resource Managemen t  {R. Ellison}             
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FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.872 
A2 - Adj Resid : 49.314  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  24.254 
D2 - System Flow : _______
D2 - System Pressure : 144.081 
Hose ( Adj City ) : _______
Hose ( Demand ) : 1000 
D3 - System Demand : 1000 
Safety Margin :   0.911 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 










Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
Aero Automatic Sprinkler Co. Page 4 
Cal Poly Center for Science SP 1-1 [1000 GPM] Date 9-25-11 
 
Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
HV1 99.75 91.19   na   
HV2 99.75 91.19   na   
SPRF 99.75 92.94   na   
SP16 85.0 99.33   na   
HV4 69.0 100.0   na  250.0  
HV5 53.0 106.97   na  250.0  
SP15 69.0 106.26   na   
SP14 53.0 113.23   na   
SP13 37.0 120.53   na   
HV3 101.0 88.52   na  250.0  
SPR3 101.0 95.82   na   
SP36 85.0 102.8   na   
HV6 69.0 108.02   na   
HV7 53.0 114.99   na   
SP35 69.0 109.77   na   
SP34 53.0 116.74   na   
SP33 37.0 123.71   na   
SP32 21.0 130.75   na   
SP05 29.167 127.21   na   
SP01 45.0 117.07   na   
SP02 27.917 125.49   na   
SP03 29.167 127.44   na   
SP04 28.083 129.3   na   
SPC1 12.667 137.82   na   
SPC2 12.667 138.61   na  250.0  
PO 1.833 144.08   na   
PI 1.75 46.96   na   
POC 6.75 45.4   na   
BF1 13.0 43.27   na   
BF2 13.0 47.13   na   
SRC 13.0 48.1   na   
The maximum velocity is 16.75 and it occurs in the pipe between nodes HV4 and SP15
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*S/P # 1 REMOTE ROOF HOSE VALVES 
HV1 99.750 .0 0.0 2.5 1T 12.0    0.250 120  91.188  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
0.0  
SPRF 0.0  92.938 K Factor = 0 
HV2 99.750 .0 0.0 2.5 1T 12.0    0.250 120  91.188  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPRF 99.750 .0 0.0 6 4I 40.0   30.000 120  92.938  
to 0.0   40.000   6.388  
SP16 85 0.0 6.065 0.0   70.000 0 0.0 Vel = 0 
SP16 85 .0 0.0 6 0.0   16.000 120  99.326  
to 0.0 0.0   6.930  
SP15 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
0.0  
SP15 0.0 106.256 K Factor = 0 
HV4 69 H250  250.00 2.5 1T 12.0    2.917 120 100.000  
to 1E 6.0   18.000   1.750 * Fixed loss = 1.75 
SP15 69 250.0 2.469 0.0   20.917 0.2154   4.506 Vel =  16.75 
0.0  
SP15   250.00 106.256 K Factor =  24.25 
HV5 53 H250  250.00 2.5 1T 12.0    2.917 120 106.973  
to 1E 6.0   18.000   1.750 * Fixed loss = 1.75 
SP14 53 250.0 2.469 0.0   20.917 0.2154   4.506 Vel =  16.75 
0.0  
SP14   250.00 113.229 K Factor =  23.49 
SP15 69   250.00 6 0.0   16.000 120 106.256  
to 0.0 0.0   6.930  
SP14 53 250.0 6.065 0.0   16.000 0.0027   0.043 Vel =   2.78 
SP14 53   250.00 6 1T 30.0    8.500 120 113.229  
to 0.0   30.000   3.465  
SP01 45 500.0 6.065 0.0   38.500 0.0097   0.375 Vel =   5.55 
0.0  
SP01   500.00 117.069 K Factor =  46.21 
SP13 37 .0 0.0 6 1T 30.0    7.500 120 120.534  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 117.069 K Factor = 0 
*S/P # 3 
HV3 101 H250  250.00 2.5 2E 12.0    1.750 120  88.525  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 101 250.0 2.469 0.0   25.750 0.2154   5.547 Vel =  16.75 
SPR3 101 0.0 6 0.0   16.000 120  95.822  
to 0.0 0.0   6.930  
SP36 85 250.0 6.065 0.0   16.000 0.0027   0.043 Vel =   2.78 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
SP36 85 0.0 6 0.0   16.000 120 102.795  
to 0.0 0.0   6.930  
SP35 69 250.0 6.065 0.0   16.000 0.0027   0.043 Vel =   2.78 
0.0  
SP35   250.00 109.768 K Factor =  23.86 
HV6 69 .0 0.0 2.5 2E 12.0    1.750 120 108.018  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SP35 69 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
0.0  
SP35 0.0 109.768 K Factor = 0 
HV7 53 .0 0.0 2.5 2E 12.0    1.750 120 114.990  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SP34 53 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
0.0  
SP34 0.0 116.740 K Factor = 0 
SP35 69   250.00 6 0.0   16.000 120 109.768  
to 0.0 0.0   6.930  
SP34 53 250.0 6.065 0.0   16.000 0.0026   0.042 Vel =   2.78 
SP34 53 0.0 6 0.0   16.000 120 116.740  
to 0.0 0.0   6.930  
SP33 37 250.0 6.065 0.0   16.000 0.0027   0.043 Vel =   2.78 
SP33 37 0.0 6 1T 30.0    8.417 120 123.713  
to 0.0   30.000   3.392  
SP05 29.167 250.0 6.065 0.0   38.417 0.0027   0.105 Vel =   2.78 
0.0  
SP05   250.00 127.210 K Factor =  22.17 
SP32 21 .0 0.0 6 1T 30.0    7.583 120 130.747  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167   250.00 6 1I 10.0   34.167 120 127.210  
to 1B 10.0   50.000 0.0  
SP03 29.167 250.0 6.065 1T 30.0   84.167 0.0027   0.228 Vel =   2.78 
0.0  
SP03   250.00 127.438 K Factor =  22.15 
*STANDPIPE FEED 
SP01 45   500.00 6 6I 60.0   34.417 120 117.069  
to 1B 10.0   70.000   7.399  
SP02 27.917 500.0 6.065 0.0  104.417 0.0098   1.019 Vel =   5.55 
SP02 27.917 0.0 6 2I 20.0  235.417 120 125.487  
to 0.0   20.000  -0.541  
SP03 29.167 500.0 6.065 0.0  255.417 0.0098   2.492 Vel =   5.55 
SP03 29.167   250.00 6 4I 40.0   27.500 120 127.438  
to 0.0   40.000   0.469  
SP04 28.083 750.0 6.065 0.0   67.500 0.0207   1.395 Vel =   8.33 
SP04 28.083 0.0 6 1I 10.0   79.330 120 129.302  
to 0.0   10.000   6.677  
SPC1 12.667 750.0 6.065 0.0   89.330 0.0207   1.845 Vel =   8.33 
Final Calculations - Hazen-Williams - 2007
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Cal Poly Center for Science SP 1-1 [1000 GPM] Date 9-25-11 
 
Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
SPC1 12.667 0.0 6 1T 30.0    7.833 120 137.824  
to 0.0   30.000 0.0  
SPC2 12.667 750.0 6.065 0.0   37.833 0.0207   0.782 Vel =   8.33 
SPC2 12.667 H250  250.00 8 1I 13.0   14.750 120 138.606  
to 1B 12.0   70.000   4.692  
PO 1.833 1000.0 7.981 1C 45.0   84.750 0.0092   0.783 Vel =   6.41 
0.0  
PO  1000.00 144.081 K Factor =  83.31 
System Demand Pressure 144.081 
Safety Margin   0.911 
Continuation Pressure 144.992 
Pressure @ Pump Outlet 144.992 
Pressure From Pump Curve -98.034 
Pressure @ Pump Inlet  46.958 
PI 1.750 0.0 8 1G 4.0   14.000 120  46.958  
to 1I 13.0   52.000  -2.166  
POC 6.750 1000.0 7.981 1T 35.0   66.000 0.0093   0.611 Vel =   6.41 
POC 6.750 0.0 8 2E 56.936   41.000 140  45.403  
to 0.0   56.936  -2.707  
BF1 13 1000.0 8.27 0.0   97.936 0.0058   0.572 Vel =   5.97 
BF1 13 0.0 8 1Zic 0.0    4.000 120  43.268  
to 0.0 0.0   3.829 * Fixed loss = 3.829 
BF2 13 1000.0 7.981 0.0    4.000 0.0090   0.036 Vel =   6.41 
BF2 13 0.0 8 2E 56.936   46.000 140  47.133  
to 1G 6.326  118.616 0.0  
SRC 13 1000.0 8.27 1T 55.354  164.616 0.0058   0.962 Vel =   5.97 
0.0  
SRC  1000.00  48.095 K Factor = 144.19 
Final Calculations - Hazen-Williams - 2007
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science SP 1-2 [750 GPM] 
Building : Center for Science 
Location : San Luis Obispo,  Ca. 
System : S/P # 1 
Contract : 10034 
Data File : Cal Poly CFS SP 1-2.WXF 
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Cal Poly Center for Science SP 1-2 [750 GPM] Date 9-25-11 
 
                       HYDRAULIC DESIGN INFORMATION  SHEET 
 
Name - Cal Poly Center For Science                           Date - 9-25-2011 
Location - San Luis Obispo,  Ca.                                               
Building - Center for Science                       System No. - S/P # 1      
Contractor - Aero Automatic Sprinkler Co.           Contract No. - 10034      
Calculated By - Neal Larsen                         Drawing No. -             
Occupancy - Light / Ordinary Hazard Gr. 1                                      
 
 
S   (X)NFPA 14     Number of Standpipes  ( )1 ( )2 ( )3 (X)4 ( )      
Y   ( )Other                                                                  
S   ( )Specific Ruling                   Made by              Date          
T   
E    Flow at Top Most Outlet           - 500   Gpm         System Type 
M    Pres. at Top Most Outlet          - 100   Psi    (X) Wet       ( ) Dry 
     Flow For Ea. Additional Standpipe - 500   Gpm 
D    Total Additional Flow             - 1000  Gpm 
E    Elevation at Highest Outlet       - 99'-9" Fee t 
S    Hose Valve Connection    ( )1 1/2"    (X)2 1/2 " 
I    Class Service    (X)I    ( )II    (X)III 
G    Note:At Roof level there are two (2) standpipe s available.                
N    {Standpipe # 1 & 3}                                                       
 
 
Calculation   Gpm Required 750      Psi Required 44 .73    At SRC             
Summary       C-Factor Used:         Overhead 120           Underground 140   
 
 
W   Water Flow Test:              Pump Data:           Tank or Reservoir: 
A   Date of Test   - 9-19-2011                        Cap.  N/A               
T   Time of Test   - 9:12 a.m.   Rated Cap. 750      Elev. N/A               
E   Static (Psi)   - 60 [54]     @ Psi      113    
R   Residual (Psi) - 55 [49]     Elev.      1'-9"           Well 
    Flow (Gpm)     - 914                              Proof Flow Gpm N/A      
S   Elevation      - 13'-0"    
U  
P   Location: Static & Residual pressures taken fro m Hydratn # 63.  Flow taken  
P   from Hydrant # 64 along N. Poly View Drive                                 
L   Source of Information: Fluid Resource Managemen t  {R. Ellison}             
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200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.872 
A2 - Adj Resid : 49.314  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  37.571 
D2 - System Flow : _______
D2 - System Pressure : 156.367 
Hose ( Adj City ) : _______
Hose ( Demand ) : 750 
D3 - System Demand : 750 
Safety Margin :   5.795 
Water Supply Curve (C)
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Cal Poly Center for Science SP 1-2 [750 GPM] Date 9-25-11 
 
Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
HV1 99.75 100.0   na  250.0  
HV2 99.75 100.0   na  250.0  
SPRF 99.75 104.39   na   
SP16 85.0 111.46   na   
SP15 69.0 118.55   na   
SP14 53.0 125.63   na   
SP13 37.0 132.94   na   
HV3 101.0 100.93   na  250.0  
SPR3 101.0 108.22   na   
SP36 85.0 115.2   na   
SP35 69.0 122.17   na   
SP34 53.0 129.14   na   
SP33 37.0 136.12   na   
SP32 21.0 143.15   na   
SP05 29.167 139.61   na   
SP01 45.0 129.47   na   
SP02 27.917 137.89   na   
SP03 29.167 139.84   na   
SP04 28.083 141.71   na   
SPC1 12.667 150.43   na   
SPC2 12.667 151.22   na   
PO 1.833 156.37   na   
PI 1.75 49.6   na   
POC 6.75 47.8   na   
BF1 13.0 45.43   na   
BF2 13.0 49.97   na   
SRC 13.0 50.53   na   
The maximum velocity is 16.75 and it occurs in the pipe between nodes HV1 and SPRF
Pressure / Flow Summary - STANDARD
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Cal Poly Center for Science SP 1-2 [750 GPM] Date 9-25-11 
 
Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*S/P # 1 REMOTE ROOF HOSE VALVES 
HV1 99.750 H250  250.00 2.5 1T 12.0    0.250 120 100.000  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 250.0 2.469 0.0   12.250 0.2154   2.639 Vel =  16.75 
0.0  
SPRF   250.00 104.389 K Factor =  24.47 
HV2 99.750 H250  250.00 2.5 1T 12.0    0.250 120 100.000  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 250.0 2.469 0.0   12.250 0.2154   2.639 Vel =  16.75 
SPRF 99.750   250.00 6 4I 40.0   30.000 120 104.389  
to 0.0   40.000   6.388  
SP16 85 500.0 6.065 0.0   70.000 0.0098   0.683 Vel =   5.55 
SP16 85 0.0 6 0.0   16.000 120 111.460  
to 0.0 0.0   6.930  
SP15 69 500.0 6.065 0.0   16.000 0.0098   0.156 Vel =   5.55 
SP15 69 0.0 6 0.0   16.000 120 118.546  
to 0.0 0.0   6.930  
SP14 53 500.0 6.065 0.0   16.000 0.0098   0.156 Vel =   5.55 
SP14 53 0.0 6 1T 30.0    8.500 120 125.632  
to 0.0   30.000   3.465  
SP01 45 500.0 6.065 0.0   38.500 0.0097   0.375 Vel =   5.55 
0.0  
SP01   500.00 129.472 K Factor =  43.94 
SP13 37 .0 0.0 6 1T 30.0    7.500 120 132.937  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 129.472 K Factor = 0 
*S/P # 3 
HV3 101 H250  250.00 2.5 2E 12.0    1.750 120 100.928  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 101 250.0 2.469 0.0   25.750 0.2154   5.547 Vel =  16.75 
SPR3 101 0.0 6 0.0   16.000 120 108.225  
to 0.0 0.0   6.930  
SP36 85 250.0 6.065 0.0   16.000 0.0027   0.043 Vel =   2.78 
SP36 85 0.0 6 0.0   16.000 120 115.198  
to 0.0 0.0   6.930  
SP35 69 250.0 6.065 0.0   16.000 0.0026   0.042 Vel =   2.78 
SP35 69 0.0 6 0.0   16.000 120 122.170  
to 0.0 0.0   6.930  
SP34 53 250.0 6.065 0.0   16.000 0.0027   0.043 Vel =   2.78 
SP34 53 0.0 6 0.0   16.000 120 129.143  
to 0.0 0.0   6.930  
SP33 37 250.0 6.065 0.0   16.000 0.0027   0.043 Vel =   2.78 
SP33 37 0.0 6 1T 30.0    8.417 120 136.116  
to 0.0   30.000   3.392  
SP05 29.167 250.0 6.065 0.0   38.417 0.0027   0.105 Vel =   2.78 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
SP05   250.00 139.613 K Factor =  21.16 
SP32 21 .0 0.0 6 1T 30.0    7.583 120 143.150  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167   250.00 6 1I 10.0   34.167 120 139.613  
to 1B 10.0   50.000 0.0  
SP03 29.167 250.0 6.065 1T 30.0   84.167 0.0027   0.228 Vel =   2.78 
0.0  
SP03   250.00 139.841 K Factor =  21.14 
*STANDPIPE FEED 
SP01 45   500.00 6 1B 10.0   34.417 120 129.472  
to 6I 60.0   70.000   7.399  
SP02 27.917 500.0 6.065 0.0  104.417 0.0098   1.019 Vel =   5.55 
SP02 27.917 0.0 6 2I 20.0  235.417 120 137.890  
to 0.0   20.000  -0.541  
SP03 29.167 500.0 6.065 0.0  255.417 0.0098   2.492 Vel =   5.55 
SP03 29.167   250.00 6 4I 40.0   27.500 120 139.841  
to 0.0   40.000   0.469  
SP04 28.083 750.0 6.065 0.0   67.500 0.0207   1.395 Vel =   8.33 
SP04 28.083 0.0 6 2I 20.0   79.330 120 141.705  
to 0.0   20.000   6.677  
SPC1 12.667 750.0 6.065 0.0   99.330 0.0206   2.051 Vel =   8.33 
SPC1 12.667 0.0 6 1T 30.0    7.833 120 150.433  
to 0.0   30.000 0.0  
SPC2 12.667 750.0 6.065 0.0   37.833 0.0207   0.782 Vel =   8.33 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 151.215  
to 1B 12.0   70.000   4.692  
PO 1.833 750.0 7.981 1C 45.0   84.750 0.0054   0.460 Vel =   4.81 
0.0  
PO   750.00 156.367 K Factor =  59.98 
System Demand Pressure 156.367 
Safety Margin   5.795 
Continuation Pressure 162.162 
Pressure @ Pump Outlet 162.162 
Pressure From Pump Curve -112.559 
Pressure @ Pump Inlet  49.603 
PI 1.750 0.0 8 1G 4.0   14.000 120  49.603  
to 1I 13.0   52.000  -2.166  
POC 6.750 750.0 7.981 1T 35.0   66.000 0.0054   0.359 Vel =   4.81 
POC 6.750 0.0 8 2E 56.936   41.000 140  47.796  
to 0.0   56.936  -2.707  
BF1 13 750.0 8.27 0.0   97.936 0.0034   0.336 Vel =   4.48 
BF1 13 0.0 8 1Zic 0.0    4.000 120  45.425  
to 0.0 0.0   4.520 * Fixed loss = 4.52 
BF2 13 750.0 7.981 0.0    4.000 0.0055   0.022 Vel =   4.81 
BF2 13 0.0 8 2E 56.936   46.000 140  49.967  
to 1G 6.326  118.616 0.0  
SRC 13 750.0 8.27 1T 55.354  164.616 0.0034   0.565 Vel =   4.48 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
SRC   750.00  50.532 K Factor = 105.51 
Final Calculations - Hazen-Williams - 2007
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science SP 4 [1000 GPM] 
Building : Center for Science 
Location : San Luis Obispo,  Ca. 
System : S/P # 4 
Contract : 10034 
Data File : Cal Poly CFS SP 1-3.WXF 
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Aero Automatic Sprinkler Co. Page 1 
Cal Poly Center for Science SP 4 [1000 GPM] Date 9-25-11 
 
                       HYDRAULIC DESIGN INFORMATION  SHEET 
 
Name - Cal Poly Center For Science                           Date - 9-25-2011 
Location - San Luis Obispo,  Ca.                                               
Building - Center for Science                       System No. - S/P # 4      
Contractor - Aero Automatic Sprinkler Co.           Contract No. - 10034      
Calculated By - Neal Larsen                         Drawing No. -             
Occupancy - Light / Ordinary Hazard Gr. 1                                      
 
 
S   (X)NFPA 14     Number of Standpipes  ( )1 ( )2 ( )3 (X)4 ( )      
Y   ( )Other                                                                  
S   ( )Specific Ruling                   Made by              Date          
T   
E    Flow at Top Most Outlet           - 500   Gpm         System Type 
M    Pres. at Top Most Outlet          - 100   Psi    (X) Wet       ( ) Dry 
     Flow For Ea. Additional Standpipe - 500   Gpm 
D    Total Additional Flow             - 1000  Gpm 
E    Elevation at Highest Outlet       - 67'-9" Fee t 
S    Hose Valve Connection    ( )1 1/2"    (X)2 1/2 " 
I    Class Service    (X)I    ( )II    (X)III 
G    Note:At 5 th level (Roof) there are three (3) standpipes available.       
N    {Standpipe # 1‚ 3 & 4}                                                    
 
 
Calculation   Gpm Required 1000     Psi Required 45 .85    At SRC             
Summary       C-Factor Used:         Overhead 120           Underground 140   
 
 
W   Water Flow Test:              Pump Data:           Tank or Reservoir: 
A   Date of Test   - 9-19-2011                        Cap.  N/A               
T   Time of Test   - 9:12 a.m.   Rated Cap. 750      Elev. N/A               
E   Static (Psi)   - 60 [54]     @ Psi      113    
R   Residual (Psi) - 55 [49]     Elev.      1'-9"           Well 
    Flow (Gpm)     - 914                              Proof Flow Gpm N/A      
S   Elevation      - 13'-0"    
U  
P   Location: Static & Residual pressures taken fro m Hydratn # 63.  Flow taken  
P   from Hydrant # 64 along N. Poly View Drive                                 
L   Source of Information: Fluid Resource Managemen t  {R. Ellison}             
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200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.872 
A2 - Adj Resid : 49.314  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  23.712 
D2 - System Flow : _______
D2 - System Pressure : 142.748 
Hose ( Adj City ) : _______
Hose ( Demand ) : 1000 
D3 - System Demand : 1000 
Safety Margin :   2.244 
Water Supply Curve (C)
Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
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Cal Poly Center for Science SP 4 [1000 GPM] Date 9-25-11 
 
Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Cal Poly Center for Science SP 4 [1000 GPM] Date 9-25-11 
 
Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
HV1 99.75 93.26   na  250.0  
HV2 99.75 95.9   na   
SPRF 99.75 97.65   na   
SP16 85.0 104.23   na   
SP15 69.0 111.2   na   
SP14 53.0 118.17   na   
SP13 37.0 125.21   na   
HV3 99.0 97.58   na   
SPR3 99.0 99.33   na   
SP36 85.0 105.39   na   
SP35 69.0 112.32   na   
SP34 53.0 119.25   na   
SP33 37.0 126.18   na   
SP32 21.0 133.11   na   
SP05 29.167 129.57   na   
HV8 67.75 100.0   na  250.0  
HV9 67.75 100.0   na  250.0  
SPR4 67.75 104.39   na   
SP44 53.0 111.84   na   
SP43 37.0 119.91   na   
SP42 21.0 127.99   na   
SP41 5.0 136.88   na   
HV10 37.0 111.24   na  250.0  
SP53 37.0 118.54   na   
HV11 21.0 124.04   na   
SP52 21.0 125.79   na   
SP51 5.0 133.28   na   
SPC5 12.5 130.04   na   
SPC4 13.75 133.09   na   
SPC3 12.667 134.08   na   
SP01 45.0 121.74   na   
SP02 27.917 129.42   na   
SP03 29.167 129.57   na   
SP04 28.083 130.22   na   
SPC1 12.667 137.17   na   
SPC2 12.667 137.27   na   
PO 1.833 142.75   na   
PI 1.75 46.96   na   
POC 6.75 45.4   na   
BF1 13.0 43.27   na   
BF2 13.0 47.13   na   
SRC 13.0 48.09   na   
The maximum velocity is 16.75 and it occurs in the pipe between nodes HV1 and SPRF
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*S/P # 1 REMOTE ROOF HOSE VALVES 
HV1 99.750 H250  250.00 2.5 1T 12.0    0.250 120  93.260  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 250.0 2.469 0.0   12.250 0.2154   2.639 Vel =  16.75 
0.0  
SPRF   250.00  97.649 K Factor =  25.30 
HV2 99.750 .0 0.0 2.5 1T 12.0    0.250 120  95.899  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPRF 99.750   250.00 6 4I 40.0   30.000 120  97.649  
to 0.0   40.000   6.388  
SP16 85 250.0 6.065 0.0   70.000 0.0027   0.190 Vel =   2.78 
SP16 85 0.0 6 0.0   16.000 120 104.227  
to 0.0 0.0   6.930  
SP15 69 250.0 6.065 0.0   16.000 0.0027   0.043 Vel =   2.78 
SP15 69 0.0 6 0.0   16.000 120 111.200  
to 0.0 0.0   6.930  
SP14 53 250.0 6.065 0.0   16.000 0.0026   0.042 Vel =   2.78 
SP14 53 0.0 6 1T 30.0    8.500 120 118.172  
to 0.0   30.000   3.465  
SP01 45 250.0 6.065 0.0   38.500 0.0027   0.104 Vel =   2.78 
0.0  
SP01   250.00 121.741 K Factor =  22.66 
SP13 37 .0 0.0 6 1T 30.0    7.500 120 125.206  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 121.741 K Factor = 0 
*S/P # 3 
HV3 99 .0 0.0 2.5 2E 12.0    1.750 120  97.578  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 99 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SPR3 99 .0 0.0 6 0.0   16.000 120  99.328  
to 0.0 0.0   6.063  
SP36 85 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP36 85 .0 0.0 6 0.0   16.000 120 105.391  
to 0.0 0.0   6.930  
SP35 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP35 69 .0 0.0 6 0.0   16.000 120 112.321  
to 0.0 0.0   6.930  
SP34 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP34 53 .0 0.0 6 0.0   16.000 120 119.251  
to 0.0 0.0   6.930  
SP33 37 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP33 37 .0 0.0 6 1T 30.0    8.417 120 126.180  
to 0.0   30.000   3.392  
SP05 29.167 0.0 6.065 0.0   38.417 0 0.0 Vel = 0 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
SP05 0.0 129.572 K Factor = 0 
SP32 21 .0 0.0 6 1T 30.0    7.583 120 133.110  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167 .0 0.0 6 1I 10.0   34.167 120 129.573  
to 1B 10.0   50.000 0.0  
SP03 29.167 0.0 6.065 1T 30.0   84.167 0 0.0 Vel = 0 
0.0  
SP03 0.0 129.573 K Factor = 0 
*S/P # 4 
HV8 67.750 H250  250.00 2.5 1T 12.0    0.250 120 100.000  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPR4 67.750 250.0 2.469 0.0   12.250 0.2154   2.639 Vel =  16.75 
0.0  
SPR4   250.00 104.389 K Factor =  24.47 
HV9 67.750 H250  250.00 2.5 1T 12.0    0.250 120 100.000  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPR4 67.750 250.0 2.469 0.0   12.250 0.2154   2.639 Vel =  16.75 
SPR4 67.750   250.00 4 0.0   14.750 120 104.389  
to 0.0 0.0   6.388  
SP44 53 500.0 4.026 0.0   14.750 0.0718   1.059 Vel =  12.60 
SP44 53 0.0 4 0.0   16.000 120 111.836  
to 0.0 0.0   6.930  
SP43 37 500.0 4.026 0.0   16.000 0.0718   1.148 Vel =  12.60 
SP43 37 0.0 4 0.0   16.000 120 119.914  
to 0.0 0.0   6.930  
SP42 21 500.0 4.026 0.0   16.000 0.0718   1.148 Vel =  12.60 
SP42 21 0.0 4 1T 20.0    7.250 120 127.992  
to 0.0   20.000   3.140  
SPC4 13.750 500.0 4.026 0.0   27.250 0.0718   1.956 Vel =  12.60 
0.0  
SPC4   500.00 133.088 K Factor =  43.34 
SP41 5 .0 0.0 4 1T 20.0    8.750 120 136.878  
to 0.0   20.000  -3.790  
SPC4 13.750 0.0 4.026 0.0   28.750 0 0.0 Vel = 0 
0.0  
SPC4 0.0 133.088 K Factor = 0 
*S/P # 5 
HV10 37 H250  250.00 2.5 2E 12.0    1.750 120 111.241  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SP53 37 250.0 2.469 0.0   25.750 0.2154   5.547 Vel =  16.75 
SP53 37 0.0 4 0.0   16.000 120 118.538  
to 0.0 0.0   6.930  
SP52 21 250.0 4.026 0.0   16.000 0.0199   0.318 Vel =   6.30 
0.0  
SP52   250.00 125.786 K Factor =  22.29 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
HV11 21 .0 0.0 2.5 2E 12.0    1.750 120 124.036  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SP52 21 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SP52 21   250.00 4 1T 20.0    8.500 120 125.786  
to 0.0   20.000   3.681  
SPC5 12.500 250.0 4.026 0.0   28.500 0.0199   0.568 Vel =   6.30 
0.0  
SPC5   250.00 130.035 K Factor =  21.92 
SP51 5 .0 0.0 4 1T 20.0    7.500 120 133.283  
to 0.0   20.000  -3.248  
SPC5 12.500 0.0 4.026 0.0   27.500 0 0.0 Vel = 0 
0.0  
SPC5 0.0 130.035 K Factor = 0 
*STANDPIPES # 4 & 5 FEED 
SPC5 12.500   250.00 4 1B 12.0  139.667 120 130.035  
to 5I 35.0   67.000  -0.072  
SPC3 12.667 250.0 4.026 1T 20.0  206.667 0.0199   4.114 Vel =   6.30 
0.0  
SPC3   250.00 134.077 K Factor =  21.59 
SPC4 13.750   500.00 6 3I 30.0   13.333 120 133.088  
to 1B 10.0   40.000   0.469  
SPC3 12.667 500.0 6.065 0.0   53.333 0.0098   0.520 Vel =   5.55 
SPC3 12.667   250.00 6 2I 20.0  104.667 120 134.077  
to 1T 30.0   50.000 0.0  
SPC2 12.667 750.0 6.065 0.0  154.667 0.0207   3.196 Vel =   8.33 
0.0  
SPC2   750.00 137.273 K Factor =  64.01 
*STANDPIPES # 1 & 3  FEED 
SP01 45   250.00 6 6I 60.0   34.417 120 121.741  
to 1B 10.0   70.000   7.399  
SP02 27.917 250.0 6.065 0.0  104.417 0.0027   0.283 Vel =   2.78 
SP02 27.917 0.0 6 2I 20.0  235.417 120 129.423  
to 0.0   20.000  -0.541  
SP03 29.167 250.0 6.065 0.0  255.417 0.0027   0.691 Vel =   2.78 
SP03 29.167 0.0 6 4I 40.0   27.500 120 129.573  
to 0.0   40.000   0.469  
SP04 28.083 250.0 6.065 0.0   67.500 0.0027   0.183 Vel =   2.78 
SP04 28.083 0.0 6 2I 20.0   79.330 120 130.225  
to 0.0   20.000   6.677  
SPC1 12.667 250.0 6.065 0.0   99.330 0.0027   0.268 Vel =   2.78 
SPC1 12.667 0.0 6 1T 30.0    7.833 120 137.170  
to 0.0   30.000 0.0  
SPC2 12.667 250.0 6.065 0.0   37.833 0.0027   0.103 Vel =   2.78 
SPC2 12.667   750.00 8 1I 13.0   14.750 120 137.273  
to 1B 12.0   70.000   4.692  
PO 1.833 1000.0 7.981 1C 45.0   84.750 0.0092   0.783 Vel =   6.41 
0.0  
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
PO  1000.00 142.748 K Factor =  83.70 
System Demand Pressure 142.748 
Safety Margin   2.244 
Continuation Pressure 144.992 
Pressure @ Pump Outlet 144.992 
Pressure From Pump Curve -98.033 
Pressure @ Pump Inlet  46.959 
PI 1.750 0.0 8 1G 4.0   14.000 120  46.959  
to 1I 13.0   52.000  -2.166  
POC 6.750 1000.0 7.981 1T 35.0   66.000 0.0092   0.610 Vel =   6.41 
POC 6.750 0.0 8 2E 56.936   41.000 140  45.403  
to 0.0   56.936  -2.707  
BF1 13 1000.0 8.27 0.0   97.936 0.0058   0.572 Vel =   5.97 
BF1 13 0.0 8 1Zic 0.0    4.000 120  43.268  
to 0.0 0.0   3.829 * Fixed loss = 3.829 
BF2 13 1000.0 7.981 0.0    4.000 0.0092   0.037 Vel =   6.41 
BF2 13 0.0 8 2E 56.936   46.000 140  47.134  
to 1G 6.326  118.616 0.0  
SRC 13 1000.0 8.27 1T 55.354  164.616 0.0058   0.961 Vel =   5.97 
0.0  
SRC  1000.00  48.095 K Factor = 144.19 
Final Calculations - Hazen-Williams - 2007
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Job Name : Cal Poly Center for Science SP 5 [1000 GPM] 
Building : Center for Science 
Location : San Luis Obispo,  Ca. 
System : S/P # 5 
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                       HYDRAULIC DESIGN INFORMATION  SHEET 
 
Name - Cal Poly Center For Science                           Date - 9-25-2011 
Location - San Luis Obispo,  Ca.                                               
Building - Center for Science                       System No. - S/P # 5      
Contractor - Aero Automatic Sprinkler Co.           Contract No. - 10034      
Calculated By - Neal Larsen                         Drawing No. -             
Occupancy - Light / Ordinary Hazard Gr. 1                                      
 
 
S   (X)NFPA 14     Number of Standpipes  ( )1 ( )2 ( )3 (X)4 ( )      
Y   ( )Other                                                                  
S   ( )Specific Ruling                   Made by              Date          
T   
E    Flow at Top Most Outlet           - 500   Gpm         System Type 
M    Pres. at Top Most Outlet          - 100   Psi    (X) Wet       ( ) Dry 
     Flow For Ea. Additional Standpipe - 500   Gpm 
D    Total Additional Flow             - 1000  Gpm 
E    Elevation at Highest Outlet       - 37'-0" Fee t 
S    Hose Valve Connection    ( )1 1/2"    (X)2 1/2 " 
I    Class Service    (X)I    ( )II    (X)III 
G    Note:At 3 rd. level there are four (4) standpi pes available.              
N    {Standpipe # 1‚ 3‚ 4 & 5}                                                 
 
 
Calculation   Gpm Required 1000     Psi Required 46 .80    At SRC             
Summary       C-Factor Used:         Overhead 120           Underground 140   
 
 
W   Water Flow Test:              Pump Data:           Tank or Reservoir: 
A   Date of Test   - 9-19-2011                        Cap.  N/A               
T   Time of Test   - 9:12 a.m.   Rated Cap. 750      Elev. N/A               
E   Static (Psi)   - 60 [54]     @ Psi      113    
R   Residual (Psi) - 55 [49]     Elev.      1'-9"           Well 
    Flow (Gpm)     - 914                              Proof Flow Gpm N/A      
S   Elevation      - 13'-0"    
U  
P   Location: Static & Residual pressures taken fro m Hydratn # 63.  Flow taken  
P   from Hydrant # 64 along N. Poly View Drive                                 
L   Source of Information: Fluid Resource Managemen t  {R. Ellison}             
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200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 54 
C2 - Residual Pressure: 49 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static:  51.872 
A2 - Adj Resid : 49.314  @ 790.2 






P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 790.2 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 1382.9 
City Residual Flow @ 0 =  3307.91 
City Residual Flow @ 20 =  2576.03 




D1 - Elevation :  10.394 
D2 - System Flow : _______
D2 - System Pressure : 143.705 
Hose ( Adj City ) : _______
Hose ( Demand ) : 1000 
D3 - System Demand : 1000 
Safety Margin :   1.287 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
HV1 99.75 94.22   na  250.0  
HV2 99.75 96.86   na   
SPRF 99.75 98.61   na   
SP16 85.0 105.18   na   
SP15 69.0 112.16   na   
SP14 53.0 119.13   na   
SP13 37.0 126.16   na   
HV3 99.0 98.54   na   
SPR3 99.0 100.28   na   
SP36 85.0 106.35   na   
SP35 69.0 113.28   na   
SP34 53.0 120.21   na   
SP33 37.0 127.14   na   
SP32 21.0 134.07   na   
SP05 29.167 130.53   na   
HV8 67.75 105.17   na  250.0  
HV9 67.75 107.81   na   
SPR4 67.75 109.56   na   
SP44 53.0 116.24   na   
SP43 37.0 123.49   na   
SP42 21.0 130.74   na   
SP41 5.0 138.21   na   
HV10 37.0 100.0   na  250.0  
SP53 37.0 107.3   na   
HV11 21.0 107.25   na  250.0  
SP52 21.0 114.54   na   
SP51 5.0 123.52   na   
SPC5 12.5 120.27   na   
SPC4 13.75 134.42   na   
SPC3 12.667 135.04   na   
SP01 45.0 122.7   na   
SP02 27.917 130.38   na   
SP03 29.167 130.53   na   
SP04 28.083 131.18   na   
SPC1 12.667 138.13   na   
SPC2 12.667 138.23   na   
PO 1.833 143.71   na   
PI 1.75 46.96   na   
POC 6.75 45.4   na   
BF1 13.0 43.27   na   
BF2 13.0 47.13   na   
SRC 13.0 48.09   na   
The maximum velocity is 16.75 and it occurs in the pipe between nodes HV1 and SPRF
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*S/P # 1 REMOTE ROOF HOSE VALVES 
HV1 99.750 H250  250.00 2.5 1T 12.0    0.250 120  94.217  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 250.0 2.469 0.0   12.250 0.2154   2.639 Vel =  16.75 
0.0  
SPRF   250.00  98.606 K Factor =  25.18 
HV2 99.750 .0 0.0 2.5 1T 12.0    0.250 120  96.856  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPRF 99.750   250.00 6 4I 40.0   30.000 120  98.606  
to 0.0   40.000   6.388  
SP16 85 250.0 6.065 0.0   70.000 0.0027   0.190 Vel =   2.78 
SP16 85 0.0 6 0.0   16.000 120 105.184  
to 0.0 0.0   6.930  
SP15 69 250.0 6.065 0.0   16.000 0.0027   0.043 Vel =   2.78 
SP15 69 0.0 6 0.0   16.000 120 112.157  
to 0.0 0.0   6.930  
SP14 53 250.0 6.065 0.0   16.000 0.0027   0.043 Vel =   2.78 
SP14 53 0.0 6 1T 30.0    8.500 120 119.130  
to 0.0   30.000   3.465  
SP01 45 250.0 6.065 0.0   38.500 0.0027   0.104 Vel =   2.78 
0.0  
SP01   250.00 122.699 K Factor =  22.57 
SP13 37 .0 0.0 6 1T 30.0    7.500 120 126.163  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 122.698 K Factor = 0 
*S/P # 3 
HV3 99 .0 0.0 2.5 2E 12.0    1.750 120  98.535  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 99 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SPR3 99 .0 0.0 6 0.0   16.000 120 100.285  
to 0.0 0.0   6.063  
SP36 85 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP36 85 .0 0.0 6 0.0   16.000 120 106.349  
to 0.0 0.0   6.930  
SP35 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP35 69 .0 0.0 6 0.0   16.000 120 113.278  
to 0.0 0.0   6.930  
SP34 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP34 53 .0 0.0 6 0.0   16.000 120 120.208  
to 0.0 0.0   6.930  
SP33 37 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP33 37 .0 0.0 6 1T 30.0    8.417 120 127.137  
to 0.0   30.000   3.392  
SP05 29.167 0.0 6.065 0.0   38.417 0 0.0 Vel = 0 
Final Calculations - Hazen-Williams - 2007
Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
Aero Automatic Sprinkler Co. Page 6 
Cal Poly Center for Science SP 5 [1000 GPM] Date 9-25-11 
 
Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
SP05 0.0 130.529 K Factor = 0 
SP32 21 .0 0.0 6 1T 30.0    7.583 120 134.067  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167 .0 0.0 6 1I 10.0   34.167 120 130.530  
to 1B 10.0   50.000 0.0  
SP03 29.167 0.0 6.065 1T 30.0   84.167 0 0.0 Vel = 0 
0.0  
SP03 0.0 130.530 K Factor = 0 
*S/P # 4 
HV8 67.750 H250  250.00 2.5 1T 12.0    0.250 120 105.172  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPR4 67.750 250.0 2.469 0.0   12.250 0.2153   2.638 Vel =  16.75 
0.0  
SPR4   250.00 109.560 K Factor =  23.88 
HV9 67.750 .0 0.0 2.5 1T 12.0    0.250 120 107.810  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPR4 67.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPR4 67.750   250.00 4 0.0   14.750 120 109.560  
to 0.0 0.0   6.388  
SP44 53 250.0 4.026 0.0   14.750 0.0199   0.294 Vel =   6.30 
SP44 53 0.0 4 0.0   16.000 120 116.242  
to 0.0 0.0   6.930  
SP43 37 250.0 4.026 0.0   16.000 0.0199   0.318 Vel =   6.30 
SP43 37 0.0 4 0.0   16.000 120 123.490  
to 0.0 0.0   6.930  
SP42 21 250.0 4.026 0.0   16.000 0.0199   0.319 Vel =   6.30 
SP42 21 0.0 4 1T 20.0    7.250 120 130.739  
to 0.0   20.000   3.140  
SPC4 13.750 250.0 4.026 0.0   27.250 0.0199   0.542 Vel =   6.30 
0.0  
SPC4   250.00 134.421 K Factor =  21.56 
SP41 5 .0 0.0 4 1T 20.0    8.750 120 138.211  
to 0.0   20.000  -3.790  
SPC4 13.750 0.0 4.026 0.0   28.750 0 0.0 Vel = 0 
0.0  
SPC4 0.0 134.421 K Factor = 0 
*S/P # 5 
HV10 37 H250  250.00 2.5 2E 12.0    1.750 120 100.000  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SP53 37 250.0 2.469 0.0   25.750 0.2154   5.547 Vel =  16.75 
SP53 37 0.0 4 0.0   16.000 120 107.297  
to 0.0 0.0   6.930  
SP52 21 250.0 4.026 0.0   16.000 0.0199   0.318 Vel =   6.30 
0.0  
SP52   250.00 114.545 K Factor =  23.36 
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
HV11 21 H250  250.00 2.5 2E 12.0    1.750 120 107.248  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SP52 21 250.0 2.469 0.0   25.750 0.2154   5.547 Vel =  16.75 
SP52 21   250.00 4 1T 20.0    8.500 120 114.545  
to 0.0   20.000   3.681  
SPC5 12.500 500.0 4.026 0.0   28.500 0.0718   2.046 Vel =  12.60 
0.0  
SPC5   500.00 120.272 K Factor =  45.59 
SP51 5 .0 0.0 4 1T 20.0    7.500 120 123.520  
to 0.0   20.000  -3.248  
SPC5 12.500 0.0 4.026 0.0   27.500 0 0.0 Vel = 0 
0.0  
SPC5 0.0 120.272 K Factor = 0 
*STANDPIPES # 4 & 5 FEED 
SPC5 12.500   500.00 4 1B 12.0  139.667 120 120.272  
to 5I 35.0   67.000  -0.072  
SPC3 12.667 500.0 4.026 1T 20.0  206.667 0.0718  14.835 Vel =  12.60 
0.0  
SPC3   500.00 135.035 K Factor =  43.03 
SPC4 13.750   250.00 6 3I 30.0   13.333 120 134.421  
to 1B 10.0   40.000   0.469  
SPC3 12.667 250.0 6.065 0.0   53.333 0.0027   0.145 Vel =   2.78 
SPC3 12.667   500.00 6 2I 20.0  104.667 120 135.035  
to 1T 30.0   50.000 0.0  
SPC2 12.667 750.0 6.065 0.0  154.667 0.0207   3.195 Vel =   8.33 
0.0  
SPC2   750.00 138.230 K Factor =  63.79 
*STANDPIPES # 1 & 3  FEED 
SP01 45   250.00 6 6I 60.0   34.417 120 122.699  
to 1B 10.0   70.000   7.399  
SP02 27.917 250.0 6.065 0.0  104.417 0.0027   0.282 Vel =   2.78 
SP02 27.917 0.0 6 2I 20.0  235.417 120 130.380  
to 0.0   20.000  -0.541  
SP03 29.167 250.0 6.065 0.0  255.417 0.0027   0.691 Vel =   2.78 
SP03 29.167 0.0 6 4I 40.0   27.500 120 130.530  
to 0.0   40.000   0.469  
SP04 28.083 250.0 6.065 0.0   67.500 0.0027   0.183 Vel =   2.78 
SP04 28.083 0.0 6 2I 20.0   79.330 120 131.182  
to 0.0   20.000   6.677  
SPC1 12.667 250.0 6.065 0.0   99.330 0.0027   0.269 Vel =   2.78 
SPC1 12.667 0.0 6 1T 30.0    7.833 120 138.128  
to 0.0   30.000 0.0  
SPC2 12.667 250.0 6.065 0.0   37.833 0.0027   0.102 Vel =   2.78 
SPC2 12.667   750.00 8 1I 13.0   14.750 120 138.230  
to 1B 12.0   70.000   4.692  
PO 1.833 1000.0 7.981 1C 45.0   84.750 0.0092   0.783 Vel =   6.41 
0.0  
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
PO  1000.00 143.705 K Factor =  83.42 
System Demand Pressure 143.705 
Safety Margin   1.287 
Continuation Pressure 144.992 
Pressure @ Pump Outlet 144.992 
Pressure From Pump Curve -98.033 
Pressure @ Pump Inlet  46.959 
PI 1.750 0.0 8 1G 4.0   14.000 120  46.959  
to 1I 13.0   52.000  -2.166  
POC 6.750 1000.0 7.981 1T 35.0   66.000 0.0092   0.610 Vel =   6.41 
POC 6.750 0.0 8 2E 56.936   41.000 140  45.403  
to 0.0   56.936  -2.707  
BF1 13 1000.0 8.27 0.0   97.936 0.0058   0.572 Vel =   5.97 
BF1 13 0.0 8 1Zic 0.0    4.000 120  43.268  
to 0.0 0.0   3.829 * Fixed loss = 3.829 
BF2 13 1000.0 7.981 0.0    4.000 0.0092   0.037 Vel =   6.41 
BF2 13 0.0 8 2E 56.936   46.000 140  47.134  
to 1G 6.326  118.616 0.0  
SRC 13 1000.0 8.27 1T 55.354  164.616 0.0058   0.961 Vel =   5.97 
0.0  
SRC  1000.00  48.095 K Factor = 144.19 
Final Calculations - Hazen-Williams - 2007
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science SP - STATIC 
Building : Center for Science 
Location : San Luis Obispo,  Ca. 
System : S/P # 1‚3‚4‚5 
Contract : 10034 
Data File : Cal Poly CFS SP 1-1-STATIC.WXF 
Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
Aero Automatic Sprinkler Co. Page 1 
Cal Poly Center for Science SP - STATIC Date 9-25-11 
 
                       HYDRAULIC DESIGN INFORMATION  SHEET 
 
Name - Cal Poly Center For Science                           Date - 9-25-2011 
Location - San Luis Obispo,  Ca.                                               
Building - Center for Science                       System No. - S/P # 1‚3‚4‚5 
Contractor - Aero Automatic Sprinkler Co.           Contract No. - 10034      
Calculated By - Neal Larsen                         Drawing No. -             
Occupancy - Light / Ordinary Hazard Gr. 1                                      
 
 
S   (X)NFPA 14     Number of Standpipes  ( )1 ( )2 ( )3 (X)4 ( )      
Y   ( )Other                                                                  
S   ( )Specific Ruling                   Made by              Date          
T   
E    Flow at Top Most Outlet           - 0.05  Gpm         System Type 
M    Pres. at Top Most Outlet          - N/A   Psi    (X) Wet       ( ) Dry 
     Flow For Ea. Additional Standpipe - N/A   Gpm 
D    Total Additional Flow             - 0.05  Gpm 
E    Elevation at Highest Outlet       - 101-0 Feet  
S    Hose Valve Connection    ( )1 1/2"    (X)2 1/2 " 
I    Class Service    (X)I    ( )II    (X)III 
G    Note:This is a static Calculation to determine  were Pressure Reducing Va. 
N    are required (only three (3) on 1 st. floor)                              
 
 
Calculation   Gpm Required 0.05     Psi Required 59 .99    At SRC             
Summary       C-Factor Used:         Overhead 120           Underground 140   
 
 
W   Water Flow Test:              Pump Data:           Tank or Reservoir: 
A   Date of Test   - 9-19-2011                        Cap.  N/A               
T   Time of Test   - 9:12 a.m.   Rated Cap. 750      Elev. N/A               
E   Static (Psi)   - 60          @ Psi      113    
R   Residual (Psi) - 55          Elev.      1'-9"           Well 
    Flow (Gpm)     - 914                              Proof Flow Gpm N/A      
S   Elevation      - 13'-0"    
U  
P   Location: Static & Residual pressures taken fro m Hydratn # 63.  Flow taken  
P   from Hydrant # 64 along N. Poly View Drive                                 
L   Source of Information: Fluid Resource Managemen t  {R. Ellison}             
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200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 60 
C2 - Residual Pressure: 55 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static: 0 
A2 - Adj Resid : 0  @ 0 





P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 0 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 0 
City Residual Flow @ 0 =  3501.77 
City Residual Flow @ 20 =  2812.57 
City Water @ 150% of Pump =    60.00 




D1 - Elevation :  37.571 
D2 - System Flow : _______
D2 - System Pressure : 183.028 
Hose ( Adj City ) : _______
Hose ( Demand ) : 0.05 
D3 - System Demand : 0.05 
Safety Margin :   0.008 
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
HV1 99.75 138.87   na  0.05  
HV2 99.75 138.87   na   
SPRF 99.75 140.62   na   
SP16 85.0 147.01   na   
SP15 69.0 153.94   na   
SP14 53.0 160.87   na   
SP13 37.0 167.8   na   
HV3 99.0 139.2   na   
SPR3 99.0 140.94   na   
SP36 85.0 147.01   na   
SP35 69.0 153.94   na   
SP34 53.0 160.87   na   
SP33 37.0 167.8   na   
SP32 21.0 174.73   na   
SP05 29.167 171.19   na   
HV8 67.75 152.73   na   
HV9 67.75 152.73   na   
SPR4 67.75 154.48   na   
SP44 53.0 160.87   na   
SP43 37.0 167.8   na   
SP42 21.0 174.73   na   
SP41 5.0 181.66   na   
HV10 37.0 166.05   na   
SP53 37.0 167.8   na   
HV11 21.0 172.98   na   
SP52 21.0 174.73   na   
SP51 5.0 181.66   na   
SPC5 12.5 178.41   na   
SPC4 13.75 177.87   na   
SPC3 12.667 178.34   na   
SP01 45.0 164.33   na   
SP02 27.917 171.73   na   
SP03 29.167 171.19   na   
SP04 28.083 171.66   na   
SPC1 12.667 178.34   na   
SPC2 12.667 178.34   na   
PO 1.833 183.03   na   
PI 1.75 57.87   na   
POC 6.75 55.71   na   
BF1 13.0 53.0   na   
BF2 13.0 60.0   na   
SRC 13.0 60.0   na   
The maximum velocity is 0 and it occurs in the pipe between nodes  and 
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
*S/P # 1 REMOTE ROOF HOSE VALVES 
HV1 99.750 H0.05     0.05 2.5 1T 12.0    0.250 120 138.870  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.05 2.469 0.0   12.250 0 0.0 Vel = 0 
0.0  
SPRF     0.05 140.620 K Factor = 0 
HV2 99.750 .0 0.0 2.5 1T 12.0    0.250 120 138.870  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPRF 99.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPRF 99.750     0.05 6 4I 40.0   30.000 120 140.620  
to 0.0   40.000   6.388  
SP16 85 0.05 6.065 0.0   70.000 0 0.0 Vel = 0 
SP16 85 0.0 6 0.0   16.000 120 147.008  
to 0.0 0.0   6.930  
SP15 69 0.05 6.065 0.0   16.000 0 0.0 Vel = 0 
SP15 69 0.0 6 0.0   16.000 120 153.938  
to 0.0 0.0   6.930  
SP14 53 0.05 6.065 0.0   16.000 0 0.0 Vel = 0 
SP14 53 0.0 6 1T 30.0    8.500 120 160.868  
to 0.0   30.000   3.465  
SP01 45 0.05 6.065 0.0   38.500 0  -0.001 Vel = 0 
0.0  
SP01     0.05 164.332 K Factor = 0 
SP13 37 .0 0.0 6 1T 30.0    7.500 120 167.797  
to 0.0   30.000  -3.465  
SP01 45 0.0 6.065 0.0   37.500 0 0.0 Vel = 0 
0.0  
SP01 0.0 164.332 K Factor = 0 
*S/P # 3 
HV3 99 .0 0.0 2.5 2E 12.0    1.750 120 139.195  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SPR3 99 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SPR3 99 .0 0.0 6 0.0   16.000 120 140.945  
to 0.0 0.0   6.063  
SP36 85 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP36 85 .0 0.0 6 0.0   16.000 120 147.008  
to 0.0 0.0   6.930  
SP35 69 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP35 69 .0 0.0 6 0.0   16.000 120 153.938  
to 0.0 0.0   6.930  
SP34 53 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP34 53 .0 0.0 6 0.0   16.000 120 160.868  
to 0.0 0.0   6.930  
SP33 37 0.0 6.065 0.0   16.000 0 0.0 Vel = 0 
SP33 37 .0 0.0 6 1T 30.0    8.417 120 167.797  
to 0.0   30.000   3.392  
SP05 29.167 0.0 6.065 0.0   38.417 0 0.0 Vel = 0 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
0.0  
SP05 0.0 171.189 K Factor = 0 
SP32 21 .0 0.0 6 1T 30.0    7.583 120 174.727  
to 0.0   30.000  -3.537  
SP05 29.167 0.0 6.065 0.0   37.583 0 0.0 Vel = 0 
SP05 29.167 .0 0.0 6 1I 10.0   34.167 120 171.190  
to 1B 10.0   50.000 0.0  
SP03 29.167 0.0 6.065 1T 30.0   84.167 0 0.0 Vel = 0 
0.0  
SP03 0.0 171.190 K Factor = 0 
*S/P # 4 
HV8 67.750 .0 0.0 2.5 1T 12.0    0.250 120 152.729  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPR4 67.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
0.0  
SPR4 0.0 154.479 K Factor = 0 
HV9 67.750 .0 0.0 2.5 1T 12.0    0.250 120 152.729  
to 0.0   12.000   1.750 * Fixed loss = 1.75 
SPR4 67.750 0.0 2.469 0.0   12.250 0 0.0 Vel = 0 
SPR4 67.750 .0 0.0 4 0.0   14.750 120 154.479  
to 0.0 0.0   6.388  
SP44 53 0.0 4.026 0.0   14.750 0 0.0 Vel = 0 
SP44 53 .0 0.0 4 0.0   16.000 120 160.868  
to 0.0 0.0   6.930  
SP43 37 0.0 4.026 0.0   16.000 0 0.0 Vel = 0 
SP43 37 .0 0.0 4 0.0   16.000 120 167.797  
to 0.0 0.0   6.930  
SP42 21 0.0 4.026 0.0   16.000 0 0.0 Vel = 0 
SP42 21 .0 0.0 4 1T 20.0    7.250 120 174.727  
to 0.0   20.000   3.140  
SPC4 13.750 0.0 4.026 0.0   27.250 0 0.0 Vel = 0 
0.0  
SPC4 0.0 177.867 K Factor = 0 
SP41 5 .0 0.0 4 1T 20.0    8.750 120 181.656  
to 0.0   20.000  -3.790  
SPC4 13.750 0.0 4.026 0.0   28.750 0 0.0 Vel = 0 
0.0  
SPC4 0.0 177.866 K Factor = 0 
*S/P # 5 
HV10 37 .0 0.0 2.5 2E 12.0    1.750 120 166.047  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SP53 37 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SP53 37 .0 0.0 4 0.0   16.000 120 167.797  
to 0.0 0.0   6.930  
SP52 21 0.0 4.026 0.0   16.000 0 0.0 Vel = 0 
0.0  
SP52 0.0 174.727 K Factor = 0 
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
HV11 21 .0 0.0 2.5 2E 12.0    1.750 120 172.977  
to 1T 12.0   24.000   1.750 * Fixed loss = 1.75 
SP52 21 0.0 2.469 0.0   25.750 0 0.0 Vel = 0 
SP52 21 .0 0.0 4 1T 20.0    8.500 120 174.727  
to 0.0   20.000   3.681  
SPC5 12.500 0.0 4.026 0.0   28.500 0 0.0 Vel = 0 
0.0  
SPC5 0.0 178.408 K Factor = 0 
SP51 5 .0 0.0 4 1T 20.0    7.500 120 181.656  
to 0.0   20.000  -3.248  
SPC5 12.500 0.0 4.026 0.0   27.500 0 0.0 Vel = 0 
0.0  
SPC5 0.0 178.408 K Factor = 0 
*STANDPIPES # 4 & 5 FEED 
SPC5 12.500 .0 0.0 4 1B 12.0  139.667 120 178.408  
to 5I 35.0   67.000  -0.072  
SPC3 12.667 0.0 4.026 1T 20.0  206.667 0 0.0 Vel = 0 
0.0  
SPC3 0.0 178.336 K Factor = 0 
SPC4 13.750 .0 0.0 6 3I 30.0   13.333 120 177.867  
to 1B 10.0   40.000   0.469  
SPC3 12.667 0.0 6.065 0.0   53.333 0 0.0 Vel = 0 
SPC3 12.667 .0 0.0 6 2I 20.0  104.667 120 178.336  
to 1T 30.0   50.000 0.0  
SPC2 12.667 0.0 6.065 0.0  154.667 0 0.0 Vel = 0 
0.0  
SPC2 0.0 178.336 K Factor = 0 
*STANDPIPES # 1 & 3  FEED 
SP01 45     0.05 6 6I 60.0   34.417 120 164.332  
to 1B 10.0   70.000   7.399  
SP02 27.917 0.05 6.065 0.0  104.417 0 0.0 Vel = 0 
SP02 27.917 0.0 6 2I 20.0  235.417 120 171.731  
to 0.0   20.000  -0.541  
SP03 29.167 0.05 6.065 0.0  255.417 0 0.0 Vel = 0 
SP03 29.167 0.0 6 4I 40.0   27.500 120 171.190  
to 0.0   40.000   0.469  
SP04 28.083 0.05 6.065 0.0   67.500 0 0.0 Vel = 0 
SP04 28.083 0.0 6 2I 20.0   79.330 120 171.659  
to 0.0   20.000   6.677  
SPC1 12.667 0.05 6.065 0.0   99.330 0 0.0 Vel = 0 
SPC1 12.667 0.0 6 1T 30.0    7.833 120 178.336  
to 0.0   30.000 0.0  
SPC2 12.667 0.05 6.065 0.0   37.833 0 0.0 Vel = 0 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 178.336  
to 1B 12.0   70.000   4.692  
PO 1.833 0.05 7.981 1C 45.0   84.750 0 0.0 Vel = 0 
0.0  
Final Calculations - Hazen-Williams - 2007
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
PO     0.05 183.028 K Factor = 0 
System Demand Pressure 183.028 
Safety Margin   0.008 
Continuation Pressure 183.036 
Pressure @ Pump Outlet 183.036 
Pressure From Pump Curve -125.164 
Pressure @ Pump Inlet  57.872 
PI 1.750 0.0 8 1G 4.0   14.000 120  57.872  
to 1I 13.0   52.000  -2.166  
POC 6.750 0.05 7.981 1T 35.0   66.000 0 0.0 Vel = 0 
POC 6.750 0.0 8 2E 56.936   41.000 140  55.706  
to 0.0   56.936  -2.707  
BF1 13 0.05 8.27 0.0   97.936 0   0.001 Vel = 0 
BF1 13 0.0 8 1Zic 0.0    4.000 120  53.000  
to 0.0 0.0   7.000 * Fixed loss = 7 
BF2 13 0.05 7.981 0.0    4.000 0 0.0 Vel = 0 
BF2 13 0.0 8 2E 56.936   46.000 140  60.000  
to 1G 6.326  118.616 0.0  
SRC 13 0.05 8.27 1T 55.354  164.616 0 0.0 Vel = 0 
0.0  
SRC     0.05  60.000 K Factor =   0.01 
Final Calculations - Hazen-Williams - 2007
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science 1 st. flr. Riser [250 gpm] 
Building : Center for Science 
Location : San Luis Obispo,  Ca. 
System : 1 st floor 
Contract : 10034 
Data File : Cal Poly CFS LVL 1-250.WXF 
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                       HYDRAULIC DESIGN INFORMATION  SHEET 
 
Name - Cal Poly Center For Science                           Date - 9-25-2011 
Location - San Luis Obispo,  Ca.                                               
Building - Center for Science                       System No. - 1 st floor   
Contractor - Aero Automatic Sprinkler Co.           Contract No. - 10034      
Calculated By - Neal Larsen                         Drawing No. -             
Occupancy - Light / Ordinary Hazard Gr. 1                                      
 
 
S   (X)NFPA 14     Number of Standpipes  ( )1 ( )2 ( )3 (X)4 ( )      
Y   ( )Other                                                                  
S   ( )Specific Ruling                   Made by              Date          
T   
E    Flow at Top Most Outlet           - 250   Gpm         System Type 
M    Pres. at Top Most Outlet          - N/A   Psi    (X) Wet       ( ) Dry 
     Flow For Ea. Additional Standpipe - N/A   Gpm 
D    Total Additional Flow             - 250   Gpm 
E    Elevation at Highest Outlet       - 3'-0" Feet  
S    Hose Valve Connection    ( )1 1/2"    (X)2 1/2 " 
I    Class Service    (X)I    ( )II    (X)III 
G    Note:This is a flow Calculation for 250 gpm @ 1 st. flr riser to determine 
N    the residual pressure for setting the Pressure  Reducing Va. [Setting 'E'] 
 
 
Calculation   Gpm Required 250      Psi Required 59 .54    At SRC             
Summary       C-Factor Used:         Overhead 120           Underground 140   
 
 
W   Water Flow Test:              Pump Data:           Tank or Reservoir: 
A   Date of Test   - 9-19-2011                        Cap.  N/A               
T   Time of Test   - 9:12 a.m.   Rated Cap. 750      Elev. N/A               
E   Static (Psi)   - 60          @ Psi      113    
R   Residual (Psi) - 55          Elev.      1'-9"           Well 
    Flow (Gpm)     - 914                              Proof Flow Gpm N/A      
S   Elevation      - 13'-0"    
U  
P   Location: Static & Residual pressures taken fro m Hydratn # 63.  Flow taken  
P   from Hydrant # 64 along N. Poly View Drive                                 
L   Source of Information: Fluid Resource Managemen t  {R. Ellison}             
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200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 60 
C2 - Residual Pressure: 55 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static: 0 
A2 - Adj Resid : 0  @ 0 





P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 0 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 0 
City Residual Flow @ 0 =  3501.77 
City Residual Flow @ 20 =  2812.57 
City Water @ 150% of Pump =    60.00 




D1 - Elevation :  -4.331 
D2 - System Flow : _______
D2 - System Pressure : 182.606 
Hose ( Adj City ) : _______
Hose ( Demand ) : 250 
D3 - System Demand : 250 
Safety Margin : _______
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
BR01 3.0 174.52   na  250.0  
SPC1 12.667 177.75   na   
SPC2 12.667 177.85   na   
PO 1.833 182.61   na   
PI 1.75 57.87   na   
POC 6.75 55.75   na   
BF1 13.0 53.09   na   
BF2 13.0 59.47   na   
SRC 13.0 59.55   na   
The maximum velocity is 14.71 and it occurs in the pipe between nodes BR01 and SPC1
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
BR01 3 H250  250.00 2.5 2I 16.474   14.333 120 174.519  
to 1T 16.474   32.948  -4.187  
SPC1 12.667 250.0 2.635 0.0   47.281 0.1569   7.419 Vel =  14.71 
SPC1 12.667 0.0 6 1T 30.0    7.917 120 177.751  
to 0.0   30.000 0.0  
SPC2 12.667 250.0 6.065 0.0   37.917 0.0027   0.103 Vel =   2.78 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 177.854  
to 1B 12.0   70.000   4.692  
PO 1.833 250.0 7.981 1C 45.0   84.750 0.0007   0.060 Vel =   1.60 
0.0  
PO   250.00 182.606 K Factor =  18.50 
System Demand Pressure 182.606 
Safety Margin 0.0 
Continuation Pressure 182.606 
Pressure @ Pump Outlet 182.606 
Pressure From Pump Curve -124.735 
Pressure @ Pump Inlet  57.871 
PI 1.750 0.0 8 1G 4.0   14.000 120  57.871  
to 1I 13.0   52.000  -2.166  
POC 6.750 250.0 7.981 1T 35.0   66.000 0.0007   0.047 Vel =   1.60 
POC 6.750 0.0 8 2E 56.936   41.000 140  55.752  
to 0.0   56.936  -2.707  
BF1 13 250.0 8.27 0.0   97.936 0.0005   0.045 Vel =   1.49 
BF1 13 0.0 8 1Zic 0.0    4.000 120  53.090  
to 0.0 0.0   6.379 * Fixed loss = 6.379 
BF2 13 250.0 7.981 0.0    4.000 0.0008   0.003 Vel =   1.60 
BF2 13 0.0 8 2E 56.936   46.000 140  59.472  
to 1G 6.326  118.616 0.0  
SRC 13 250.0 8.27 1T 55.354  164.616 0.0004   0.074 Vel =   1.49 
0.0  
SRC   250.00  59.546 K Factor =  32.40 
Final Calculations - Hazen-Williams - 2007
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Aero Automatic Sprinkler Co. 
21605 N. Central Ave. 
Phoenix, Arizona 85024 
623-580-7800 
Job Name : Cal Poly Center for Science 1 st. flr. Riser [328 gpm] 
Building : Center for Science 
Location : San Luis Obispo,  Ca. 
System : 1 st floor 
Contract : 10034 
Data File : Cal Poly CFS LVL 1-328.WXF 
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                       HYDRAULIC DESIGN INFORMATION  SHEET 
 
Name - Cal Poly Center For Science                           Date - 9-25-2011 
Location - San Luis Obispo,  Ca.                                               
Building - Center for Science                       System No. - 1 st floor   
Contractor - Aero Automatic Sprinkler Co.           Contract No. - 10034      
Calculated By - Neal Larsen                         Drawing No. -             
Occupancy - Light / Ordinary Hazard Gr. 1                                      
 
 
S   (X)NFPA 14     Number of Standpipes  ( )1 ( )2 ( )3 (X)4 ( )      
Y   ( )Other                                                                  
S   ( )Specific Ruling                   Made by              Date          
T   
E    Flow at Top Most Outlet           - 328   Gpm         System Type 
M    Pres. at Top Most Outlet          - N/A   Psi    (X) Wet       ( ) Dry 
     Flow For Ea. Additional Standpipe - N/A   Gpm 
D    Total Additional Flow             - 328   Gpm 
E    Elevation at Highest Outlet       - 3'-0" Feet  
S    Hose Valve Connection    ( )1 1/2"    (X)2 1/2 " 
I    Class Service    (X)I    ( )II    (X)III 
G    Note:This is a flow Calculation for 328 gpm @ 1 st. flr riser to determine 
N    the residual pressure for setting the Pressure  Reducing Va. [Setting 'E'] 
 
 
Calculation   Gpm Required 328      Psi Required 59 .24    At SRC             
Summary       C-Factor Used:         Overhead 120           Underground 140   
 
 
W   Water Flow Test:              Pump Data:           Tank or Reservoir: 
A   Date of Test   - 9-19-2011                        Cap.  N/A               
T   Time of Test   - 9:12 a.m.   Rated Cap. 750      Elev. N/A               
E   Static (Psi)   - 60          @ Psi      113    
R   Residual (Psi) - 55          Elev.      1'-9"           Well 
    Flow (Gpm)     - 914                              Proof Flow Gpm N/A      
S   Elevation      - 13'-0"    
U  
P   Location: Static & Residual pressures taken fro m Hydratn # 63.  Flow taken  
P   from Hydrant # 64 along N. Poly View Drive                                 
L   Source of Information: Fluid Resource Managemen t  {R. Ellison}             
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200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Pump Data: Demand:
C1
C2
C1 - Static Pressure : 60 
C2 - Residual Pressure: 55 
C2 - Residual Flow : 914 
A1
City Water Adjusted to Pump Inlet
for Pf - Elev - Hose Flow
A1 - Adjusted Static: 0 
A2 - Adj Resid : 0  @ 0 





P1 - Pump Churn Pressure : 125.2 
P2 - Pump Rated Pressure : 110.9 
P2 - Pump Rated Flow : 0 
P3 - Pump Pressure @ Max Flow : 67.9 
P3 - Pump Max Flow : 0 
City Residual Flow @ 0 =  3501.77 
City Residual Flow @ 20 =  2812.57 
City Water @ 150% of Pump =    60.00 




D1 - Elevation :  -4.331 
D2 - System Flow : _______
D2 - System Pressure : 182.189 
Hose ( Adj City ) : _______
Hose ( Demand ) : 328 
D3 - System Demand : 328 
Safety Margin : _______
Water Supply Curve (C)
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
B Generic Butterfly Valve 0 0 2.25 2 2.5 6 7 10 0 12 9 10 12 19 21 0 0 0 0 0  
C Generic Check Vlv 4 5 5 7 9 11 14 16 19 22 27 32 45 55 65 76 87 98 109 130  
E 90' Standard Elbow 2 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61  
G Generic Gate Valve 0 0 0 1 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13  
I 90' Ell Grvd-Vic #10 0 0 2 3 4 3.5 6 5 8 7 8.5 10 13 17 20 23 25 33 36 40  
T 90' Flow Thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121  








Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
BR01 3.0 169.15   na  328.0  
SPC1 12.667 177.23   na   
SPC2 12.667 177.4   na   
PO 1.833 182.19   na   
PI 1.75 57.73   na   
POC 6.75 55.65   na   
BF1 13.0 53.01   na   
BF2 13.0 59.13   na   
SRC 13.0 59.25   na   
The maximum velocity is 19.3 and it occurs in the pipe between nodes BR01 and SPC1
Pressure / Flow Summary - STANDARD
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Node1 Elev1 K Qa Nom Fitting Pipe CFact Pt 
to or Ftng's Pe ******* Notes ****** 
Node2 Elev2 Fact Qt Act Eqv. Ln. Total Pf/Ft Pf 
 
BR01 3 H328  328.00 2.5 2I 16.474   14.333 120 169.154  
to 1T 16.474   32.948  -4.187  
SPC1 12.667 328.0 2.635 0.0   47.281 0.2593  12.261 Vel =  19.30 
SPC1 12.667 0.0 6 1T 30.0    7.917 120 177.228  
to 0.0   30.000 0.0  
SPC2 12.667 328.0 6.065 0.0   37.917 0.0045   0.169 Vel =   3.64 
SPC2 12.667 0.0 8 1I 13.0   14.750 120 177.397  
to 1B 12.0   70.000   4.692  
PO 1.833 328.0 7.981 1C 45.0   84.750 0.0012   0.100 Vel =   2.10 
0.0  
PO   328.00 182.189 K Factor =  24.30 
System Demand Pressure 182.189 
Safety Margin 0.0 
Continuation Pressure 182.189 
Pressure @ Pump Outlet 182.189 
Pressure From Pump Curve -124.455 
Pressure @ Pump Inlet  57.734 
PI 1.750 0.0 8 1G 4.0   14.000 120  57.734  
to 1I 13.0   52.000  -2.166  
POC 6.750 328.0 7.981 1T 35.0   66.000 0.0012   0.078 Vel =   2.10 
POC 6.750 0.0 8 2E 56.936   41.000 140  55.646  
to 0.0   56.936  -2.707  
BF1 13 328.0 8.27 0.0   97.936 0.0007   0.073 Vel =   1.96 
BF1 13 0.0 8 1Zic 0.0    4.000 120  53.012  
to 0.0 0.0   6.110 * Fixed loss = 6.11 
BF2 13 328.0 7.981 0.0    4.000 0.0012   0.005 Vel =   2.10 
BF2 13 0.0 8 2E 56.936   46.000 140  59.127  
to 1G 6.326  118.616 0.0  
SRC 13 328.0 8.27 1T 55.354  164.616 0.0007   0.122 Vel =   1.96 
0.0  
SRC   328.00  59.249 K Factor =  42.61 
Final Calculations - Hazen-Williams - 2007
Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
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Appendix  F  
Smoke  extrac on  calcula ons  
 7.5 mZ = 2  
 500 kW  Q̇ = 1  
Zukoski  
 z 05.1 K  T p = 5 * ( Q√T ∞ ˙ c  ρ√g p ∞)
2 3/
5 3− / + T ∞ = 3  
 .196 ρp = T p
ρ T∞ ∞ = 1 kgm3  
 Q z 20.6  m .21˙p = 0 ( ρ g2∞c Tp ∞)
1 3/
 
˙1 3/ 5 3/ = 2 s
kg  
 84.4 V̇ p = ρp
ṁp = 1.196
220.6 = 1 s
m3  
Heskestad  
 .7  Q̇c = 0 * Q̇  
 .083Q .02D .53 m  z0 = 0 ˙ 
2 5/
− 1 = 0  
 .1 (z ) 08.5 K  T p = 9 * ( Q√T ∞ ˙c c  ρ√g p ∞)
2 3/
− z0
5 3− / + T ∞ = 3  
 .183 ρp = T p
ρ T∞ ∞ = 1 kgm3  
 Q (z ) .00192 Q 77.1m .071˙p = 0  ˙c
1 3/
− z0
5 3/ + 0 ˙ c = 1 s
kg  
 49.7 V̇ p = ρp
ṁp = 1.183
177.1 = 1 s
m3  
McCaffrey  
 2.3 09.9 K  T p = 2 * ( zQ̇2 5/ )5 3/ + T ∞ = 3  
 .178 ρp = T p
ρ T∞ ∞ = 1 kgm3  
 Q z 20.6  m .21˙p = 0 ( ρ g2∞c Tp ∞)
1 3/
 
˙1 3/ 5 3/ = 2 s
kg  
 87.3 V̇ p = ρp
ṁp = 1.178
220.6 = 1 s
m3  
  
  
